"PROCEEDINGS OF THE SOCIETY FOR "ANALYTICAL CHEMISTRY 


‘Ordinary M Meeting of the Society was h held at 2.30 2nd, 1960, 


at the Wellcome Building, Euston Road, London, N.W.1. 5 OS was taken by the | fe 
The subject of the meeting was “Analysis of Semi-conductors”’ and the following papers 
“were presented and discussed: Introductory Remarks by C. A. ‘Parker, 
“The Determination of Some Trace Impurities in Gallium Arsenide by Square-wave Polaro- A, 
. pee” by V. J. Jennings, B.Sc., Ph.D. (presented on his behalf by F. J. Bass, B.Sc., Ph.D.) 
“The Determination of Phosphorus in Silicon by a Fluorimetric Method,” by R. E. Minns, — 
A.R.LC.; “Experiments on the Detection and Determination of Impurities in Silicon by 
Means of Gas Chromatography,” by J. E. Still, B.Sc., F.R.LC., and R. C. Chirnside, F.R.I.C.; 
“The Determination of Boron in Silicon by Isotope Dilution,” by D. C. Newton, B.Sc. » 
J. Sanders, A.I.M., and A. C. Tyrrell; | “The Spectrographic Analysis of Trace Impurities in | 
Indium, following Chemical Concentration,” by J. F. Duke, B.A., H. R. Whitehead, B.Sc., | 
and H. R. Sullivan; “Determination of Impurities i in Semi-conductors by Spark-source = 


Spectrometry,” by R. Brown and J. D. Waldron, ‘B. Se., Ph.D.; “ 


Muriel Joyce Ballard, B. Sc. (Lond.); ‘Albert. George Brown, B.Sc. (Lond.); Robert Stuart 
Bruce; Peter John Burnill, B. Sc. (Leeds); Fred W. Czech; Peter Owen Dennis, B.Sc. (Lond.) ee 
E.R. I. C.; Richard Hugh Doggett, A.R.I.C.; Peter Wolstenholme Elliott; ; Jeffrey Ellison, 
B.Sc., Ph.D. (Leeds); Henry Guy Harvey, M. Sc., Ph.D. (Lond.), F.R.I.C.; Alan Hewlett, 
B.Sc. ’(Lond.); Douglas Holness, B.A. (Cantab.) ; Michel Marcel Joerin, A.R.I. C.; John Samuel 
Jones, A.R.I.C.; David Thomas Lewis, B.Sc., Ph.D., D.Sc. (Wales), F.R.I. ‘C.; Francisco — 
Bermejo Martinez, D.Sc. (Madrid); Robert Hugh McKenna; Gladys Yvonne Pugh; wierd 
Esmond Russell, B.Sc., A.F.Inst.Pet.; Eric Shephard, B.Sc. (Lond. ); Herbert Bowen Sotham; 
S. G. Tandon, M.Sc. (Lucknow) ; Giovanni Venturello; Jome | Walker, L.I.M.; <a 
Brian John Bloice; David John Barrie Galliford; David Hewitson, B.Sc. (Liv. v); Charles Peter be 
Whyatt Lewins; Keith Gardiner Powell, B.Sc. (Manc. ); Usha Priyadarshini, M.Sc. (Jabalpur) ; 
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# A By Meeting of the North of England Section and the Physical Methods Group was held 
_ at 7.45 p.m. on Thursday, September 29th, 1960, in The Blossoms Hotel, Chester. The Chair 

_ was taken by the Chairman of the North of England Section, Dr. J. R. Edisbury, = 
Fy. oo The following papers were presented and discussed: “Applications of X-ray Spectro- 
_ metry in the Oil Industry,” by R. W. Toft, A.R.LC., D.I.C.; “The Identification of Sub- 
stances of Low Volatility by I Pyrolysis - Gas Liquid Chromatography,” by G. C. Hewitt, B.Sc., 


meeting was at 2 p.m. a we to Thornton Research Centre, “Shell” 


A Jomnt Meeting of the with the Caithness Society and the Polaro- 
graphic Society was held at 9.45 a.m. on Friday, September 30th, 1960, in the Lecture Hall, 
The Chairman of the Scottish Section, Mr. A. N. Harrow, _A.H. .C., F.R.1C., opened 
the: meeting and took the Chair for the first session, when the following paper was presented 
discussed : “Tesla-luminescence in Inorganic and Organic Systems,” by R. J. Magee, 
Ph.D., AR.LC. At the second session, Mr. A. F. Williams, B.Sc., F.R.I.C., took the 
x Chair, and the paper presented and discussed was: “Applications of Polarography i in Industrial 
a= MSC AE by G. F. Reynolds, M.Sc., F.R.I.C. For the third session, Mr. Brian S. Dunn, 
_  -MSe., A-R.LC., representing the Caithness Technical Society, took the Chair and the paper 

"presented and discussed was: “The Assay of Carbon-14 and Other Low-energy f-emitters, 7. 
by J.-C. Bevington, MA, 


the conclusion of tthe e meeting visitors ona tour of Experimental 


3. was the Chairman of the Section, 
a Jenkins, F.R.I.C., F.Inst.S.P. The runner-up was P. M. Owens. 

" The following papers, which had been submitted for the award, were presented: “The 
- Polarographic Determination of Niobium in Highly Alloyed Steels,” by D. J. Brindley; “ “The 


_ by P. M. Owens; ‘Moisture Determination in Carbon Dioxide Gas,” by J. 


Ordinary of was held at 7 p. 2m. 0 on ‘Wednesday, October 12th, 1960, 
at the Lanchester College of Technology, Priory Street, Coventry. The Chair was taken oof 
the Chairman of the Section, Dr. S. H. Jenkins, F.R.I. 
The following paper was presented and discussed: “The Analytical Chemistry of Chrom- 

BIOL OGICAL | ‘METHODS GROUP 
A Jomnt Meeting of the Biological Methods Group and the Pesticides Group of the Society of 
. Chemical Industry was held at 7 p.m. on Wednesday, October 12th, 1960, in the Meeting 
a 4 Room of the Chemical Society, Burlington House, London, W.1. The Chair was taken ol 


Chairman of the Biological Methods Group, Dr. J. I. M. Jones, FRIC. 

_ _ The subject of the meeting was “The Biological Assay of Insecticidal Residues,’ which 
was introduced by J. H . Hamence, M. Sc., Ph.D., F.R.I.C., and the following papers were 
presented and discussed : * “Biological Techniques for the Detection and Estimation of Insecti- 
cidal Residues,” P. H. _ Needham, “Industrial to the of 
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Comparison of atomic ite other | analytical methods 
_ EARLY in the nineteenth century Fraunhofer observed many dark lines in the spectrum of the 
sun. _ Bunsen and Kirchhoff later showed that the positions of these lines corresponded with i "i 
those in the emission spectra of certain chemical elements, thus making possible 
chemical analysis of stellar atmospheres by observation of atomic-absorption spectra super- i” 1 
_ imposed on continua emitted from the central regions of the stars, 
Approximate quantitative analysis of stellar atmospheres has since been achieved by 
Bes ey determining the oscillator strength of the transition giving rise to a line of an by 
element ; a closely controlled furnace containing atomic vapour of the element is used, through _ 
ow is passed a suitable continuum such as that emitted by an incandescent tungsten een 


The total absorption of the same line in a stellar spectrum is then measured, and the concen- _ 
tration of the element is estimated from theoretical curves relating total absorption to a 
‘number of absorbing atoms. Rosseland’ gives a detailed account of the considerations 


_ involved in determining such “‘curves of growth,” and Estabrook? describes the apparatus and G a 
technique used in measuring oscillator strengths of lines. 


‘The phenomenon of atomic absorption has found wide application since the beginning a 
of the century in research into physical aspects of atomic spectra. © _ However, apart fromits 
_ restricted use in such analyses as the determination of mercury vapour in the atmosphere, ise 
it was unknown among analysts as a means of chemically analysing terrestrial samples until _ 
: Walsh,’ in 1958, recognised its potential advantages over emission and devised apparatus 
- that was sufficiently simple, versatile and inexpensive to be applicable to the routine analysis _ 
_ of solutions fora wide range ofelements. 
_ _In 1955, Walsh* and Alkemade and Milatz® published papers describing the application = 
~ of atomic- -absorption spectra to chemical analysis. Walsh’s paper surveys the theoretical a 
_ factors involved in atomic-absorption analysis and gives the first published account of me 
_ advantages to be gained in the use of atomic absorption rather than emission in chemical — 
analysis, these advantages being that atomic absorption is independent of the excitation — 
potential of the transition involved and that it is less subject to temperature variation and Lean 
‘interference from extraneous radiation or energy exchange between atoms. 
Atomic-absorption analytical apparatus consists, essentially, of a suitable source: of 
- light emitting the line spectrum of an element, a device for vaporising the sample, a means sof 
line isolation (monochromator or filter) and photo-electric detecting and measuring equipment. | Aid 
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‘THE APPLICATION OF ATOMIC Nov 
_ measurement can be made of the absorption of resonance-line radiation on its passage through line, 


The theoretical considerations of direct in ‘the design and of atomic- 
aan analytical equipment are given by Walsh. Added general information is given 
by Mitchell and Zemansky*® and in works ‘connected with astonomical studies, such as 
___ In low-temperature media of 2000° to 3000° K, such as in | ordinary flames or furnaces, 
o . _ population, No, of ground-state atomic vapour of an element is 10* to 10"* times the popu- 
lation, Nj, in the first excited state, depending on the temperature, f, — excitation energy, 


_Ej, and the statistical weights of the States, Py and Po; thus—- 

_ The relatively large population of free atoms in the ground state compared with those _ che 
at higher-energy levels predetermines the use of resonance lines, which arise from transitions ope 
ending in the ground state, in atomic-absorption analysis. _ For most metallic elements, Sh 
these lines occur at wavelengths between 2000 and 90004. cul 
_ Multiplets, resulting from closely spaced atomic-energy levels, exist in atomic-line spe spectra. -. 
_ If, as for sodium, there is only a single ground-state level but a multiplet upper level, all free hig 
; -ground- state atoms are capable of absorbing light of any component of the multiplet. How- lig! 
ever, if, as for the transition elements, a multiplet ground state exists, the number of atoms, 


Np, , available for a given transition is according to the sett 3 

where N is the total number of atoms available, | Py: ai P, are the statistical weights for the § tu 


_ States involved and E, and £; are the excitation energies of the transitions involved. ni a 
The sensitivity of an atomic-absorption analytical method in which a line source is used 9 


; is dependent not only on the concentration of atoms available for absorption, but also on the B = 
a spectral widths of the line emitted from the source and the absorption line of the 4 

&g -mass of atomic vapour. For maximum sensitivity the spectral half-width of the emission § of 

a 4 line should be very much less than = of the absorption line, so that peak absorption is — ay 

width of of an absorption line i is by the natural width duet to the finite life ge 

‘ time of an atom in the excited state, Doppler broadening due to motions of the atoms, Lorentz # ite 

h broadening due to collision with foreign gases, Holtsmark broadening due to collision with “ge 

_ atoms of the same kind and Stark broadening due to electric fields, either internal due to fr 

jons and electrons or external. Of these, Doppler, Lorentz: and ‘Holtsmark broadening 


4 significantly contribute to line width at low vapour pressure of an element in ordinary flames 
or furnaces, Doppler broadening probably predominating. Doppler broadening ane pene ag h 
‘ line width of the order of 0-01 A at 2000° K and is given by the expression— ne aad Fe al 


"where Ris the R the gas constant aut M the atomic weight. 
___ The same factors, as well as broadening due to self-absorption, control the width of an 
emission line. For maximum sensitivity in analysis, the aim is, therefore, to operate the 
Boye source at as low a temperature and pressure as possible and to minimise the path 
Tength of li of the non-emitting of the source self- -absorption cé can occur. 
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ABSORPTION TO CHEMICAL ANALYSIS. REVIEW 


hint = if the shape | of the latter is determined leas by Doppler broadening, the relation- 
ship between absorption coefficient, Kmax., and concentration is given pence iii 


7 Dy me 


where Dy is the | Doppler width, N the number of absorbing atoms per ‘per unit ‘volume: and f ae 


the oscillator strength of the transition involved. This implies linear relationship between Fee 
absorption and concentration, which is only approached i in practice at low concentration. At 
high concentration, the width of the line is principally | determined by factors other than oe 


a For the more . volatile elements, such as the alkali metals, mercury and thallium, the most — 
convenient source is the spectral vapour lamp, which consists of a closed glass or silica tube, 
_ into which are sealed oxide-coated electrodes, containing one of the rare gases and some of the D 
_ appropriate metal. They are generally operated on alternating current, a transformer or aos 
choke being used. Elenbaas and Riemens? describe the construction, characteristics and — eo 
operation of such lamps, which are freely available commercially. According: to Russell, Ne a 
Shelton and Walsh,* improvement in sensitivity is effected by operating these lamps at _ 
currents considerably lower than those recommended by the manufacturers, = 
= The alternative line source for volatile elements or elements having volatile halides i is the x 
_high- -frequency electrode-less discharge lamp. These, however, are stated® to have less-stable a: 
light output and to require a much more expensive power-pack than spectrai vapour lamps. ib ae 
Although flames are well known sources of line spectra, their use as light sources in _ ae i 
_atomic-absorption analysis would be less. satisfactory than use of other line sources because of 
line broadening due to high operating temperature and pressure, their inability to excite lines a _ 
j of high excitation potential and their probable unstable light output over long periods. 
line sources of the less-volatile elements, hollow-cathode discharge tubes have been’ 
: found the most satisfactory. These consist, essentially, of an anode and hollow cylindrical | @ 4 


cathode (either composed of or lined with the appropriate metal) mounted in a sealed glass — oo 
tube one of the rare gases. In bombardment by rare-gas ions causes 


& 


_ Hollow-cathode discharge tubes developed for high- -resolution spectroscopy have been 
, the vacuum-circulating type, in which impurities owing to outgassing are removed by __ 
appropriate traps, or have contained a getter consisting of a metal that will remove gaseous 7 
impurities by reacting with them. Activated uranium® and zirconium® are examples of Sy 
getters suggested for hollow-cathode discharge tubes. However, Jones and Walsh?’ have 
recently found that it is clean-up, probably owing to sputtering causing absorption of the rare a i 
_ gas in the electrodes, that impairs the life of these tubes rather than impurities outgassing : ie ; 
from the electrodes. They have found that, with no getter or circulating system, a tube life § 
of 3 ampere-hours at a volume of 75 ml is increased to 50 ampere-hours at 250 ml, and they oa + 
recommend the latter volume. Detailed information on the design and construction of | #3 a. 
hollow-cathode discharge tubes: for atomic-absorption analysis is given by Jones and Walsh?” a 
and Lockyer." They are manufactured commercially in England by Hilger and Watts Ltd. | ig 
and in Australia by Ransley Glass Instruments Ltd., Melbourne, ee i a 
From the point of view of freedom from carrier- gas lines in the region of the spectrum he ; 
= most resonance lines exist and of obtaining maximum light output at a given tube ay % 


ever, a ‘Jower clean- -up rate found??? for argon makes it preferable to neon as a carrier 

when a monochromator is used for resonance-line isolation, particularly since there is little 

difference, at least for calcium tubes,” in sensitivity in absorption if one or the other rare gas 

is used. The use of neon would probably give greater sensitivity’® than argon if filters are 4 

for line isolation, because their Pass would allow unabsorbed of the 
bis 


F 


é 


| 


.—l 
on 
ic- 
as 
se 
ns 
ved 
ae 
ra. 
ree 
we 
the 
| 
sed 
the 
the 
ntz 
. 
i 
mg 
nes" | 
bya 
oth 
‘ph 
an 
the 
ath 
cur. 


~ resulting i in low sputtering power, and the tendency to excite spark rather than arc lines makes _ 
helium less satisfactory than heavier rare gases in hollow-cathode tubes. 2s” baie | 
When hollow-cathode tubes break down due to clean-up of the rare gas, they can i 

restored to operation by repeated evacuation, filling with spectrally pure rare gas and running ~ 

_ at 100 to 150 mA on a high-vacuum line until clean, then sealing off. This procedure takes 

r about 6 hours, but several tubes can be serviced simultaneously on the vacuum line. Prac- 

tice! to date has beer. to use a silicone 702, two-stage diffusion pump, mechanical backing 

_ pump, differential manometer and liquid-air trap in the line. Lockyer" claims that a rotary 
vacuum pump alone would be all that is required, but gives no details of procedure. A tube 
_is judged ready to seal off from the vacuum line when the rare-gas pressure (generally about 
a 2-cm head of silicone oil) and purity are such as to give steady and uniform emission of light 


from the hollow cathode, which, when viewed through a hand spectroscope, shows a ie 


__ line spectrum free from molecular bands or background. An interesting appraisal of the 
_ effect of tube background on analytical sensitivity is given by Allan."3 He found that high 
- continuous background emitted from a manganese tube caused 35 per cent. of the light passing 
_ 0-l-mm wide slits of a monochromator set at 2794-8 A to be not absorbable by the atomic 
_ Vapour of manganese. Photographic detection and microphotometric measurement with 
_ this tube or photo-electric measurement with a background-free manganese tube gave equal 
and much higher analytical sensitivity, 
_ Line spectra of several elements can be obtained from a single tube either by t using an 
alloyed cathode or several pure-metal hollow electrodes! sealed into the tube, the — metal 
7 appropriate to the spectrum required being selected ascathode. 
In the application of atomic-absorption methods to chemical analysis both smoothed 
direct current*,8.18,14,15 and half- or full-wave rectified alternating current!?-1*.17 have been 
used to supply hollow-cathode tubes. The use of rectified alternating current or smoothed 
direct current and a mechanical chopper*5-* in the light path between the hollow- cathode 
_ tube and vaporised sample results i in an alternating signal from the detector. if this signal is is 


to measurement of light emitted from the hollow-cathode tube. Box and Walsh?* describe 

in detail the system based on an a.c. amplifier and hollow-cathode beam modulated by the use 
_ Ifa double-beam system, such as that described by Russell, Shelton and Walsh, is used, 7 
stabilisation of the voltage applied to the spectral lamp is unnecessary. If, however, one of 


the simpler single-beam systems'.5.18 is used, stabilisation is necessary to ensure constant 
light output from the spectral lamp so that blank, sample and standard are measured under 
identical conditions. Satisfactory stability has been obtained by supplying the power- pack © 
_of the spectral lamp from conventional commercially available electronic voltage-stabilisers 
Bp toed» either 230 volts (+0-25 per cent. for +10 per cent. mains variation), 50 cycles per 
no-load output voltage of hollow-cathode power- packs should be about 800 volts!4.18 


_ possible current consistent with stable cathode emission and adequate signal- -to-noise ratio. 


Pm... vapour in the atmosphere at room temperature, it is ; necessary to use some artificial 

_ means of converting the sample into ground-state atomic vapour. For the purpose of atomic-_ 

a. absorption analysis, this has been achieved both by heating and by electrical means. 
Furnaces, such as those used in astronomical investigations,? have not been employed in 

_ atomic- -absorption analytical apparatus, probably because they are not conducive to quick 

"interchange of samples and would be slow in reaching equilibrium. = = 


Bese and for this purpose flames, fed with a fine spray of the sample solution, similar to 


Electroselenium Ltd.) system, modified to operate on an air - acetylene mixture, has been 


used "7 Willis” and David. 19 Russell e¢ al. and Lockyer and Hames” used air - coal gas 


burner assemblies operating | on an - acetylene mixture. The E.E.L. ‘(Evans 


and the output current variable between 5 and 100mA. Tubes are operated at the lowest _ 


_ Atomic-absorption methods have been applied almost exclusively to the analysis of ] 
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November, 1960] OAR. SIS. ‘REVIEW 
mixtures, and Malmstadt ‘ind Chenbeiten acta an air - - propane mixture. Inastudy by Willis 

: of sensitivity in the determination of calcium in blood serum , an air - acetylene flame wa: 
va found superior to oxy-acetylene, oxy-hydrogen or air - coal gas flames. Since some calciu 
be [| compounds are difficult to dissociate thermally,™.!’ an air - acetylene mixture would probably — 
ng be found universally ‘superior to mixtures of other gases if both convenience and ew : 
1c- | ‘In the determination of calcium in solution with an air - acetylene flame David™ found : 
ng that the sensitivity (i.e., the concentration of ground-state atomic vapour of calcium) . 
ry § creased at the base of the flame if the only anion present was chloride. If, however, certain 
be other anions were present, notably phosphate, maximum sensitivity was observed at As 
yut higher point of intersection of hollow-cathode beam and flame. This effect, which is <p ; 
ht marked with calcium than with other elements, is obviously the result of the formation of m 
rp temperature-stable compounds in the flame. Willis!” has found the effect much more pro- Cs 
he nounced if an air - coal gas flame is used, it then being necessary to pass the beam from the - ve 
gh § calcium hollow cathode very close to the base of the flame to obtain any appreciable absorption. — 
ng § Since this effect would be different for different burners and different gas mixtures, it is — 
nic advisable to test a burner not previously used in atomic-absorption analysis for variation i 
ith [| sensitivity with height of intersection of hollow-cathode beam and flame. = = | 
1a1 § A further method of gaining sensitivity by adjustment of the burner is to increase the | 
ayy length of path of the hollow-cathode beam through the flame® either by use of a long burner | 
an of the fish-tail type or by multiple reflection of the hollow-cathode beam with front-faced 
tal aluminium mirrors. Russell e¢ al. and Allan'* have shown that both methods give gain in 
tet sensitivity approximately proportional to the path length of the beam in the flame. Allan 
ed has found that burning back occurred if an air - acetylene burner longer than 12 cm was used. 4 
en x - Some elements, such as aluminium and silicon, though they have resonance lines of 
ed [ suitable wavelength, cannot be determined by atomic-absorption methods with conventional — 
de flames for vaporising the sample because the refractory nature of their oxides prevents the 
lis §§ production of sufficient free atoms for measurement. Vaporisation of the sample in a non-— 
ific _ oxidising high-temperature environment, such as that produced by the plasma jet described - 
ibe IB by Margoshes and Scribner,” may make possible the determination of these elements in 

a ___ The only atomic- -absorption method so far investigated for samples other than in solution | us 
ed, ‘is that proposed by Gatehouse and Walsh* in which a metallic sample is made to oc 
of § monatomic vapour by sputtering. _ A cylinder, open at both ends, machined from the fl 
ant to be analysed is made the cathode of a demountable hollow-cathode discharge tube through | 
Jer §§ which light can be passed by provision of suitable windows. Pumping, filling with a rare dl 
ick jf and passage of a discharge produces monatomic vapour of the alloy, and the concentration of 
ers f _a given element in the alloy can be determined by measuring the absorption of resonance-line 
per — nae of that element when it is passed through the atomic vapour. Stated advantages of 
"ay } the method are its use of samples in the mefallic state, its avoidance of interference due to 
18 # chemical combination, its possible application to elements whose strongest resonance lines 
est [§ are in the vacuum ultra-violet region and the ease with which sensitivity can be varied by © 
tio [§ varying the discharge current. Gatehouse and Walsh have onea—in ee the method — 
tothe determination of 0-005 to 0-05 per cent. of silver in copper. A. 
on- ‘The use of a line. spectrum of the element being determined rather than a continuum as “' fe 
cial light source makes possible the use of monochromators of low resolving power or even filters -— te a 
c= Walsh‘ states that, if a continuum were used, a monochromator with resolving power of at aaa a 
y least 500,000 would be necessary to isolate a spectral width of less than the half-width of the —- 
‘in resonance line of the element being determined. If, however, a spectral lamp is used as is q : 
ick light source, it is only necessary to isolate the resonance line from neighbouring lines of the fe i 
of The resolution required can be lowered even further by the use of a modulated source ca f 
- to. and a.c. amplifier tuned to the frequency of modulation.‘ ® 18 Since, with this system, light 
rdh (from the vaporised sample falling on the detector produces a d.c. signal that is rejected, it is oe Be 
ans only necessary to isolate the resonance line from neighbouring lines emitted from the source. — as 
een — he resolution then required depends only on the complexity of the spectrum emitted from ee 

" the source. — For the transition elements, a resolution of the order of 1 A would be necessary 
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wi pavin: THE APPLICATION OF ATOMIC 
to isolate the strongest resonance lines; for the alkalis and alkaline earths, filters similar 


_ to those used in flame photometry are satisfactory. _ Since practically all light ‘emitted from a 
_ Sodium — a: is concentrated i in the resonance doublet at 5890 - 5896 A, it is a 


‘The determinations in solution of zinc, iron, manganese, 
and magnesium by atomic absorption have been performed with Hilger medium-quartz 
-spectrographs, with exit slits and photomultipliers attached, by Allan™- and 
Willis’? used a Beckman DU monochromator for calcium, magnesium, sodium and potassium 
in blood serum, and Lockyer and Hames” a Uvispek H700 for determining noble metals in 
solution . Malmstadt and Chambers” used combinations of filters for isolating the aia 

_ Russell and Walsh® have drawn attention to the possibility of using a haienpeaniianie 
_ discharge tube as a resonance lamp,* thus dispensing with the necessity of using monochrom- 
- ators or filters for selecting absorbing lines. Chromium and copper spectra published by 
them show that, whereas light emitted axially from a hollow cathode is composed of lines 
2 : ending in many atomic-energy levels, that emitted at right angles to the axis from atomic 


+ vapour close to the front of the cathode consists only of chromium and copper resonance lines 

and weak rare-gas lines. This method of isolating resonance lines has not been used in 
- analysis, but it is pointed out that the lack of intensity at right angles to the axis would 
be, to some extent, compensated for by avoidance of the intensity restrictions imposed 
byn monochromators. 


- Photo-electric detectors ary in atomic- -absorption analysis need be no more sensitive 
than those used in emission analysis because, in the atomic-absorption method, concentration 
of an element is assessed by measuring the reduction in intensity of the resonance line emitted 

_ from a source of high intensity. In emission analysis, on the other hand, sensitivity at low 
_ concentration is limited by the detector failing to give adequate signal-to-noise ratio or failing 

to measure a spectral line intensity, which is small compared with background intensity. _ 
ia The resonance line of lowest wavelength so far used in atomic-absorption analysis is that 
of zinc at 2138 a®.1* and the highest that of caesium at 8521 a. Between, and including, these 
_ wavelengths, R.C.A. 1P22 photomultiplier tubes for the visible and near-infra-red regions and 
- .C.A. 1P28 for the ultra-violet and visible regions have been used successfully. However, 
a 


there is no reason why other photomultipliers should not be as satisfactory. Photocells” 
_ and cadmium sulphide photoconducting cells* have been found to operate satisfactorily at a . 
_ variety of wavelengths between these limits. Extension to higher and lower wavelengths 
_ could be achieved by the use of photomultipliers or photocells responding in the appropriate 
_ spectral region, fluorescent coatings, such as sodium salicylate or cadmium sulphide, or other 
Bp seer cells. Information on sensitivities and ranges of response of a wide variety 
of photosensitive detectors i is available in the manufacturers’ literature. 8 —™~S 
__ The d.c. measuring systems that have been used in evaluating signals from photoelectric 

_ detectors are a galvanometer provided with a variable shunt and small opposing e.m.f 
_ described by Allan,™ the single-beam null-point system of the Hilger Uvispek employed by 
_ Lockyer and Hames” and a single-beam null-point system devised by Malmstadt and Cham- 
bers,®! which is unusual in that it is based on the matching of the concentration of the standard 


_ light intensities with a variable diaphragm. Although it is claimed to be more precise than 
other single-beam systems, it would be more difficult to operate because a standard must be 
™ volumetrically adjusted to null point with each sample solution analysed. tit 

_ Walsh* and Alkemade and Milatz® have described systems based on a.c. measurement. 
he Box and Walsh?* later developed a simple single-beam instrument based on a.c. measurement, 
which has been applied to chemical analysis of various materials by Russell e¢ al.,8 David,*-18-1" 


‘The principal factor now limiting sensitivity of the atomic- -absorption method is fluctua- 
tn of the light source. The conventional method of overcoming such fluctuation is that of 
_ double-beam operation. Russell e¢ al.* used a double-beam system not originally designed for 
_atomic-absorption spectroscopy and which would be too complex and expensive for general 
“use in paentine a. _ Alkemade and Milatz® described a double-beam instrument nt employing 


solution to that of the sample solution rather than the matching of e.m.f.’s with a bridge or of | 
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om _ Menzies?’ and his co-workers state that the use of the ratio of ave ond nope ae 
channels of a direct-reading medium-quartz spectrograph, one of which is placed to measure ~ re 
the absorbing copper resonance line at 3247 a and the other the non-absorbing copper line at ve 
2824 A, shows promise in eliminating the effect of fluctuation in light output from a copper et 
hollow-cathode discharge tube. _ Investigations have been carried out by Box and Walsh!* ee re 
into simple methods of monitoring the light source, which may lead to great gains in sensi- ie ; 
a Any of the well known commercially available ‘spectrophotometers can can be adapted to st 
atomic-absorption analysis based on the d.c. measuring system. An atomic- absorption 
attachment for a spectrophotometer, which will allow atomic-absorption measurement to be _ 
carried out by the d.c. system, is available commercially."5 Power-packs for hollow-cathode i 
tubes and combined photomultiplier high-voltage supply - a.c. amplifier units for atomic- 
_ absorption measurement by the a.c. system of Box and Walsh" are also available (Techtron — i. 
ComPanison OF ATOMIC ABSORPTION WITH OTHER ANALYTICAL METHODS 
a For an air - acetylene flame of length 2 to 3. cm the lower limits of detection of elements — mee 
having low resonance-line excitation potential are approximately equal in single-beam atomic = 
absorption and emission methods. For example, the limits both in absorption’ and ve 


emission,?* under the conditions stated, lie between 0-01 and 0-1 p.p.m. _ in solution for both Ga 
- sodium and potassium. _ Since these limits are adequate, according to Allan,“ for most a 
analytical purposes little would be gained, with respect to sensitivity, by using atomic . ar 


absorption rather than emission. However , occasionally, for example, when only small © don f 
_ amounts of sample are available, the gain in sensitivity possible in the atomic- -absorption a 
method by increasing the length of flame pass of the beam from the spectral lamp would give coe 
it the advantage over emission methods. 
_ For elements having highly reversed resonance lines or resonance lines of high excitation a 
potential, the atomic-absorption method has decided advantages over emission methods. — 4 
Examples of elements in these categories are zinc, magnesium, iron and manganese. 
David, 16 who used a 2-cm air - acetylene flame, has found the lower limit of rye inc 


potential of the magnesium resonance line at 2852 A give it a poor response to concentration 

and a limit of determination of about 5 p.p.m. in solution by flame emission,?* whereas Allan, 

David!® and Willis!? have shown the atomic-absorption limit to be 0-1 p.p.m. or less in a 
solution, depending o on the length of flame pass of the hollow-cathode beam. Allan,” who a 
used the i iron line at 2483 a and the manganese line at 2795 A, showed that an optical density a 5 
of 0-1 could be produced in a 12-cm air - acetylene flame by 2-0 and 13p.p.m. of iron and ae : 
manganese, respectively, in solution. This would give a limit of determination by a aa 


methods for zinc in plants are unknown. The strong olioteheption and high a 


absorption of about 0-1 and 0-05 p.p.m. in solution for iron and manganese, respectively, 
which is about a 50- and 5-fold improvement, respectively, on the Lundegardh flame-emission 
method.2® The lines used in the Lundegardh method quoted were Fe 3560 a and Mn 4031 a, 
which are lines of low excitation potential. ~ As has been pointed out by Allan,” the strongest _ o 
emission lines are not necessarily the strongest in absorption for elements having complex oie &g 
Aslight procedural disadvantage of the atomic-absorption method, when compared with Py. 
flame emission, is the lack of a quick and simple method of varying sensitivity to deal with pe 7 
solutions of widely varying element concentrations. The reason for this is that, whereas * &g 
the sensitivity of flame-emission instruments can be varied merely by varying the gain of the _ fe 
— unit, that of an atomic-absorption instrument is determined almost entirely 4 
flame characteristics, notably length of light path through the flame. When the absorption a 
reaches 80 per cent. or more, the slope of an atomic-absorption calibration curve is such that eee 
small errors in the absorption readings produce large errors in the determination. The only — 
methods of lowering the absorption to the sensitive part of a calibration curve are dilution of | 
the sample or reduction in length of the light path through the flame by changing the burner a 
or varying the number of passes of the light beam through the flame if a multi-pass system® _ 


is used ee accurate analyses can be carried out over a concentration range of er it 
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40- fold y with a given — this difficulty would not arise in routine analysis i in in which the 
_ approximate composition of samples i is known. If, however, the approximate composition is 
not known, it is necessary to carry out a rough preliminary run to determine the appropriate 
dilution factor for a sample. A similar difficulty, which apparently does not cause serious 
_— elements that can be determined colorimetrically, the atomic-absorption method 
is often less sensitive than a colorimetric method. The difference is, according to Allan,® 
_ sufficiently small for iron and manganese to give the atomic-absorption method advantage on 
_ grounds of rapidity and simplicity . For copper, however, the absorption of the resonance 
; _ line at 3247 in a 2-cm air - acetylene flame was not found great enough to allow direct 
= analysis of plant-digest solutions with a single-beam atomic-absorption instrument,!* whereas 
_ colorimetric methods for copper®.*! in these solutions are adequately sensitive. An examina- 
_ tion of the determination of copper in plant-digest solutions by atomic-absorption methods in 
the light of suggested means of gaining sensitivity may meet with success. 
_ It has been shown by David,’* that, even with an air - acetylene flame approximately 
- 2cm long, the atomic-absorption method for zinc is more sensitive than are polarographic 

methods and has the added advantage of being less complicated. 
Willis! found that an accurate determination of magnesium could be carried out by 
atomic absorption on 0-1 to 0-2 ml of blood serum, whereas reliable gravimetric or volumetric 


_ In considering the sensitivity of atomic- -absorption methods it is important to realise 
_ that practically all investigations to date have been carried out with single-beam instruments. 
Future instrumental advances, such as the introduction of simple double-beam systems and 
devices are likely to effect large gains in sensitivity. 


_ SENSITIVITY AND PRECI ISION OF DETERMINATIONS OF CERTAIN ELEMENTS IN SOLUTION BY 

Range of at concentration (p.p.m.) Flame | gases* 
Element ‘measurements, in brackets, and length, Referencet 

0-1 to 50 5-0 (0-5): 0-9 (5) a ' 2-7; AC,2 819 

0-08 to 100 0-6 (5);0-44(100) A-P,26 | 5, 21 

O1tol00 | 75(1);1-8(10) | A-A,27;A-C,2 8,19 
to 100 (2); 1-6 (5); 0-4 (100) -P, 


7088/90 


ton 


16, 


0-2 to (10); 4 @. 5); 2 (50) 10, 12, 17, 19 
Zn 2139 (Olt to 100 (1); 2 (10) 2; AC, 10,2 8, 16, 41 

2795 0-5 to 25 8-8 (0-5); 4 (25) AA, 


2 (50) ao AC. 2, 


Ni ed 3415 al 10 to 100 
2 to 100 
2476 to 100 


17 (2); Be} A-C, 10 
2659. to 1000 (10); 1- A aon) 20 
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“eae ranges of determination for a number of elements by atomic ee reported = 


calibrations, based on single readings for each point,’* show no departure from a smooth curve H 

for magnesium and only slight departure for zinc. 
In flame-emission analysis, three types of interference from extraneous elements in the a a 4 


‘The of the single-beam atomic-absorption method appears to be — 
de dependent on the stability of light output from the spectrallamp. This is, in turn, dependent 
on the stability of the mains supply and the inherent stability of the lamp. — Efficient voltage- 

stabilisers are available commercially for control of fluctuation in mains voltage, but inherent o 
fluctuation, being a property of the lamp itself, cannot be eliminated. Fortunately, the worst a; ae 
of these fluctuations is not great, being less than +2 per cent. for a zinc hollow-cathode tube ing k 
or potassium spectral vapour lamp. Since a mean position can be assessed in setting full- a 
_ scale deflection or taking a reading, this inherent fluctuation would probably not produce an Bay 
uncertainty of more than 0-5 per cent. in practice. Some hollow-cathode tubes, notably — Bie 
calcium and magnesium, show neither perceptible short-term fluctuation nor drift over a _ 
‘Period of operation of about an hour, ifin goodcondition, = © apg 
When a hollow-cathode tube is nearing the end of its life, downward drift in light output | 
occurs. - Correction can be made for this, if not too great, in setting full-scale deflection. rs 
However, since long life can now be expected c of hollow-cathode tubes,’* this difficulty will a 


The other sources of fluctuation in the to which 
methods are also subject, arise from the flame and the detector and measuring unit. Accord-— “a 
ing to Walsh,‘ fluctuations in absorption. resulting from fluctuations in flame temperature 
should be much less than those in emission because the strength of an absorption line is princi-— on 
pally dependent on Doppler width, which varies only as T+, whereas the intensity of emission — ar 
of a line from a flame is very sensitive to temperature. There is probably little difference hae 
between fluctuation in single-beam atomic- -absorption and emission methods resulting from a 
instability in the detector and measuring unit, and, in any case, these fluctuations would be . 
negligible compared with those from other sources, 


¥ _ It is to be expected, then, that the precision of the single-beam atomic-absorption method — 4 is 


would vary from one element to another depending upon the stability of the light source, rs! 
whereas that of photo-electric flame-emission methods would be approximately constant for 
different elements, their precision being most dependent on flame stability. The best atomic- 
absorption measurements should, therefore, be more precise than photo- -electric flame- 
emission measurements. These generalisations seem to be borne out by 


_atomic-absorption coefficients of variation reported in Table I with published coefficients of 
variation of photo-electric flame- emission methods. Oertel and Stace* found the contribution > 
_ of flame fluctuation to the over-all error in the Lundegardh method to be 2 per cent. for potas- 4 
sium, 1-5 per cent. for sodium and 1-5 per cent. for calcium; later work by Stace*® indicated a a 
- coefficients of variation in a flame-photometric method to be 1 per cent. for sodium and 1:2 a 
_ per cent. for potassium. _ Results of other workers by flame-photometric methods are in ae 
_ Absorptiometric methods, generally, are more precise than single-beam atomic- -absorption — Bes 
methods because greater stability exists both in the light sources used and in the media in wf 3 . 
which absorption measurements are made. — _ A precision of 0-2 per cent. in determining trans- — = 
_ The precision of an analytical method can be assessed, to some extent, by observing the | ie 
magnitude of departure of calibration points from a smootl curve. Atomic~ibsorption 


=" (a ) Physical—Excitation energy is transferred by collisions of the first or second — = 
_ kind® in the flame between atoms of different species, atoms and electrons or atoms and i 
_ molecules, causing enhancement or depression of analysis-line emission. This type of 
energy transfer is a common phenomenon in discharge tubes,* but, although it almost § [i 
exists in flames, it has not been identified separately fi from other of 
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(b) Radiative—Light from elements other than that for which the sample is being 

oo analysed passes the line- or band-isolating device (monochromator or filter), thus = 
_ a positive analytical error. _ This type of interference is most common in filter flame 

__ photometers, 35 but is also known in flame-emission methods in which prisms or gratings 

are used for line isolation.“ Common examples of radiative interferences in emission — 
methods are those of potassium and calcium with the determination of sodium and 

sodium with the determinations of calcium and magnesium. 


a i (c) Chemical—Emission of an element from a flame is depressed by the formation 


_ of compounds, which are not dissociated at flame temperatures, between the element and 
_ other ions in the sample. solution. Examples of this type of interference are the depres- 
* sion of calcium and strontium emission*® by aluminium and also of calcium emission*?.38 


aa __ by phosphate, sulphate and silicate. vo: | 


_ Whereas physical interference could cause inaccuracy in emission jedetooie it has, -accord- 
._§@ ing to Walsh,‘ no counterpart in atomic-absorption analysis because the number of absorbing 
- atoms in a flame, on which atomic-absorption analysis is dependent, is so much larger than 
the number of excited atoms as to be effectively equal to the total number of atoms. There- 
_ fore, excitation-energy transfers, though they may have large effect on emission from a flame, 
have negligible effect on absorption in the flame. at doer 


- The atomic- -absorption method, whether based on a.c. or d.c. measurement, has distinct 
: advantages over emission methods with respect to radiative interference. ~ Allan, 14 who used 
ad.c. system, states that the electrical backing-off necessary to correct for background radia- 
tee from the flame (principally OH bands) near the magnesium resonance line at 2852 A is wi 


small in comparision with the signal from a magnesium hollow-cathode tube. He also draws 2 


attention to the fact that, whereas interference from the sodium line at 2853 A is detectable 
_ when the concentration of sodium reaches ten times that of magnesium | in the Lundegardh 
- flame- -emission method for magnesium, no interference by 17,000 p.p.m. of sodium can se! a 


_ observed in the determination by atomic absorption of 2 p.p.m. of magnesium. wi One Th er 
If the atomic-absorption system based on a.c. measurement is used, absolute reliance -_ he 
_ be placed on the elimination of all radiative interference of flame origin, whether it be due to eC 


_ the resonance line itself, flame background or emission from an extraneous element reaching w 
_ the detector. The advantages of this system over atomic-absorption methods based on d.c. : 
_ measurement and, particularly, over flame-emission methods are that samples of any —— s 
_ tion can be analysed for a given element with impunity’ and that large monochromator slit ir 
_ widths or wide-band-pass filters can be used without regard to extraneous light from the flame a 
___ Unfortunately, atomic-absorption methods in which flames are used for vaporising the 
‘sample are subject to the same chemical interferences as are flame-emission methods, the 
‘Teason being that the formation of a temperature-stable compound in the flame causes equal — 
7 proportionate reduction in the populations of ground-state and excited atoms. For example, 
-Strasheim and Nell’s curves*® showing interference of phosphate with calcium emission are _ 
"similar in form to David’s showing its interference with calcium absorption; aluminium, 4 


which was shown to interfere with the flame-emission determination of alkaline-earth metals 
_ in solution by Mitchell and Robertson,** has been shown to interfere similarly with the atomic- | 
absorption determination of magnesium and calcium by Allan" and David,” respectively. 
Investigations to date suggest that serious chemical interference is confined, ‘almost 


j _ entirely, to the alkaline-earth elements and that calcium absorption is more subject to this 
: interference than is magnesium absorption. In studying the application of atomic absorption — 

to plant analysis, David!2.1* found that no serious interferences occurred in the determination 
of zine, iron, copper or magnesium, but that the presence of phosphate, aluminium, silicate, | 
| sodium or potassium affected calcium absorption. In the analysis of soil extracts, David’? — 
_ no > interference with the determination of sodium or Potassium, but interference from 


analysis of blood serum, has found that no occurs in the deter- 
mination of sodium, but that protein, sodium, potassium, magnesium and phosphate interfere 
with calcium absorption, protein with magnesium absorption and sodium with potassium — 

absorption. Allan”. shown that aluminium can interfere with magnesium absorption, 
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but that no is evident from large e excesses of potassium, sodium, /mag- 
-nesium or phosphate in the determination of manganese and iron by atomic absorption. — In 

“the determination of noble metals in solution by atomic absorption, Lockyer. and Hames” a 
_ found neither interference from large concentrations of iron and lead with gold, silver, plati- fo sled 
‘num, rhodium or palladium absorption nor interferences from any one with the others. They _ 
did, however, find that if a water-cooled burner were not used, erroneous results were obtained _ 


"through deposition of gold before it reached the flame. Menzies*” reports that, whereas the 


BSORPTION 1 TO CHEMICAL ANALYSIS. a REVIEW 


_ the presence of 50 p.p.m. of lead has no effect on the determination of 0 to 100 p-p.m. of 

copper or zinc in solution by atomic-absorption methods; 
* _ The methods of overcoming chemical interferences in atomic absorption are similar to 
- those used in emission, namely, either separation of interfering ions or suppression of the __ 
: interference by addition to the solution of an excess of a substance that will prevent formation as 
- of compounds between the interfering ions and the element being determined. As is stated _ 
rd- ww David,” the latter method is preferable on grounds of simplicity of method and freedom 


ing from loss or contamination. Examples of vainabentods added for this purpose, which have 
an §§ been used both in emission and atomic absorption, are strontium’’.1°.** and ethylenediamine- 
re-  tetra-acetic acid.’ If the interference is positive or does not cause serious depression at ie 
ne, high concentration of the interfering ion, it can be eliminated by adding an excess of the 
_ &f interfering ion to both sample and standard solutions. Sodium and potassium have been 
net added to solutions for this purpose by David and Willis” es 


sed i | David"? has found that 0-6 per cent. of magnesium and 2 per cent. v/v of sulphuric acid 
lia- will together, but not separately, suppress phosphate, silicate and aluminium pny 
. is with the determination by atomic absorption of calcium in plant material. pemiuntlo act) 

_ elimination of radiative interference by the use of atomic- -absorption apparatus 
ble on the a.c. measuring system allows the use of a much wider range of interference suppressors J 


‘dh than is possibleinemission flame photometry, 

be The wider range of elements that can be determined by atomic absorption than. by 
_ &F emission gives atomic absorption greater overlap with colorimetric methods. There are, 
can [§ however, few quantitative data on which a comparison of accuracy of atomic-absorption and. q 
to _ colorimetric methods can be based, and statements on the point must, therefore, be conject- 
ing ural. As is stated by Allan,!* atomic-absorption methods for iron and manganese are to be — 


lc. [§ preferred to colorimetric on grounds of freedom from interference, “rapidity and simplicity. aR 
SI- Complicated extraction procedures are necessary in many colorimetric methods to remove 


interfering ions before the colour is developed. Such procedures, which are not essential to 
me “sample, analysis, must endanger the accuracy of colorimetric methods. For 


 David?® has compared atomic-absorption and polarographic for zinc in 


material and has found general agreement between the two methods. He claims, however, 


ale, that the atomic-absorption method is preferable because it is simpler procedurally. 
metallurgical analysis, comparison has been made* _betw een chemical and 
im, absorption results for copper and zinc in copper-based alloys. The results for copper agreed 

als to within 0-5 per cent. and those for zinc to within 3 per cent. 

hic- __ If disagreement occurs between two methods in the analysis ofa given. set of ‘samples, _ a 
.  |{ it is difficult to say which method gives the more accurate results, unless each is tested ex- _ ee 
ost _haustively for interferences. For this reason, David,!.61® Willis!? and Allan’. have 
his — out recovery experiments by atomic- absorption methods in the analysis of a variety _ a 
ion of samples for sodium, potassium, calcium, magnesium, iron and manganese, and found oS 
ion _ the results satisfactory. _ Willis!” has analysed blood sera at various dilutions by atomic- a 


absorption methods to test for interferences, 
ae As well as reducing the possibility of loss and interference, the simplicity of procedure of 


the atomic-absorption method lessens the hazards to ee accruing from operator | error a “4 

_ The considerations that would most influence an analyst i in choosing analytical sides 
are range of elements to which it is applicable, sensitivity, precision, accuracy, cost and con- v 
venience in use. Since emission methods are established on these grounds in many labora- 


tories, it is only necessary her nee to atomic- rabsorption with emission equipment. 
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has been shown that atomic- -absorption methods are as as or emission 
re methods, for elements to which they can both be applied, in sensitivity, precision and accuracy 
and, further, that atemsio-cheorption analysis can be applied to a far wider range of elements 
=. The cost of atomic- -absorption equipment is greater than that of flame-emission equip- 
; Q ment, since, in addition to burner, monochromator and measuring unit, spectral lamps a 
_ hollow-cathode discharge tubes as well as the means of operating them must be provided. 
__ However, the extra cost should be more than compensated for by the greater range of analyses _ 
and greater reliability of results possible by atomic absorption. 
Although the simultaneous determination by atomic absorption of several elements in a 
_ sample solution is possible by arranging spectral lamps along the focal curve of a spectro- 
_graph,? manipulative difficulties would probably be encountered in practice. These would 
om from the fact that sensitivity in atomic- -absorption analysis is determined almost entirely 
in the flame, whereas in emission analysis sensitivity can be set separately for each element 
by varying the gain of the measuring unit. The method is, however, conducive to routine 
_ analysis of solutions if each element is determined separately, 
‘There is no sign, at the moment, of atomic-absorption equipment competing with the 
 Quantometer in routine metallurgical analysis, because each sample needs considerable 
-_ separate preparative treatment for atomic-absorption analysis. However, the very much 
lower cost of Gatehouse and Walsh’s* equipment should make it attractive for direct non- 
routine analysis of metallurgical samples. The fact that the sensitivity of this equipment 
_ can be varied quickly and easily by variation of the current to the sputtering chamber should © 3 


make it possible to determine several elements in a metallic sample in quick succession. § 
; Also, the elimination of chemical interference by vaporising a metallic sample in a sputtering _ : 
_ chamber brings the absolute method of analysis mentioned by Walsh,‘ in which the concen- 
tration of an element is determined by direct calculation from the absorption reading rather 
_ than by reference to a calibration curve prepared from standards, into the realm of possibility. 
_ The most likely future trends in the application of atomic-absorption spectroscopy to 
chemical analysis are the development of a simple and inexpensive instrument employing 
“light filters for line isolation, the development of a simple double-beam system and the 
; adaptation of the method to isotopic analysis. Isotopic analysis can be achieved* by the use 
_ of spectral lamps containing only the isotope itisdesired to determine, fom. 
As has been shown, a filter instrument would probably be little more expensive than — 
flame photometers at present available and would have the advantage of being free = _ 
_ radiative interference in analysis. Very large gains in sensitivity could be achieved bye atomic- — 
_ absorption equipment operated on the double-beam principle. 


= Up to the proof-reading stage, sc some further publications on atomic- -absorption methods ~ 
—— paper by Menzies* deals with the application of atomic absorption to chemical analysis — 
generally. Allan* determines nickel and cobalt, the most sensitive absorption lines being 


the nickel line at 2320 a and the cobalt line at 2407 a, and David determines molybdenum | ; 
and strontium, use being made of the molybdenum line at 3132 a and the strontium line at 
4607 a. A paper by Gidley and Jones® de: deals with the determination of zinc in zinc in metallurgical 
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- investigation, laboratories in England, The Netherlands, Germany and Switzerland were 


An Investigation i into the Use « of Bioassay for Pesticide 


Report to o the "Analytical M Methods Committee by 


T 


Tue Pesticides in Sub-Committee, with a view to the develop- 
‘ment of a rapid “‘sorting test” for detecting or determining toxic pesticide residues in food, 
_ Tequired information on the extent to which bioassays are used for this purpose. During the 


visited. I acknowledge with gratitude these laboratories’ permission to publish the informa- 


The laboratories were selected to include those of pesticide manufacturers, public analysts 
and official government and other institutes engaged in research or advisory work on pesticides 
and where tests in connection with approval schemes are made. One department, 


Except for those of “Shell” Research Ltd. and R. Geigy AG., the manufacturers’ 
laboratories make little use of bioassay for residues. Some do not use bioassay at all, and 
others have techniques available that are used only when chemical assay methods for a 
particular pesticide are non-existent or give misleading results. _ _phese | laboratories are, in 
the main, assaying samples known to contain a particular pesticide. 
In England, I have not learnt of any public - analytical laboratory in which bioassay is 
used for pesticides. On the Continent, however, I was able to visit two such laboratories: 
_ one in Amsterdam, the other in Zurich, and the workers in these regarded bioassay as an 
essential tool for their work. These laboratories are overworked, and biological tests are 
thought to be less time-consuming than chemical methods for sorting samples into those 
{ containing a pesticide residue and those not. They are also regarded by some as satisfactory 
_ methods of assaying the pesticide in the samples. It was emphasised, however, that bioassay 
alone is not satisfactory. It must be used in conjunction with chemical and chromatographic 
tests, these being used, for example, to identify the pesticides present, and the biological tests 
to assay them. From what has been learnt, it is evident that it is possible for sspaenesi 
tests to be made sensitive and accurate enough for this purpose. = ees 
_ _ The official gov ernment institutes visited are concerned with specific problems of con- 


used. The Biologische Bundesanstalt laboratory, at Braunschweig, for example, ' was working 
at the time of my visit on the problem of aldrin and dieldrin residues in root crops, such as | 
carrots and radishes. _ The East Malling laboratory is engaged on the specific problem of 
_ spray residues on fruit. . These laboratories, like those of the manufacturers, are not attempt- 


ing to assay residues of “unknown” pesticides, ees 


__ _ The test organism most favoured by the laboratories visited for the bioassay of residues 
is Drosophila melanogaster (vinegar-fly). This insect is exposed either directly to a pulp of 
the sample to be tested or to a residual film left after the evaporation of the solvent from an > 
extract solution. The direct or pulp test will not assay such small residues as will the test 
_ involving use of an extract unless the flies are exposed to the pulp for a very long time, some- 
times for several days. When an extract is used, the extract solution can be concentrated 
by evaporation if the residue is small. 

_ The larvae of Aedes aegypti (yellow fever mosquito) a are used for bioassay in some — 
atories. _ This is, I think, the most sensitive test organism in use for the bioassay of residues. 
‘It is used in an aqueous medium, with an extract of the sample to be tested in solution or 

‘suspension. — The most serious drawback to the use of mosquito larvae is their extreme 


_— oe to interfering substances i in the ex extracts of most plant or animal materials, = 


+ Presented at the joint meeting of the Biological Methods Group with the Pesticides comp " - 
Society of Chemical industry on October om, 1960. 
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BIOASSAY FOR PESTICIDE RESIDUES FOODSTUFFS 
= he ppc eggs may be stored for several weeks i ina dry state; larvae c can en be ‘ob- 


“tained whenever they are required and not only when a rearing cycle makes them available. 
_ Musca domestica (house-fly) and Daphnia spp. (water flea) are also used for residue 
aan . House-flies are used in the same way as D. melanogaster, , and Daphnia spp. in th 
ame way as mosquito larvae. There appears to be some difficulty over the rearing o 
Daphnia, although in the Institut fiir Pflanzenpathologie und Pflanzenschutz, at Gottingen, 
are being reared with success, but not for bioassay, 
_ Most of the test organisms used for bioassay appear to be relatively insensitive to one 
or more of the pesticides. For example, D. melanogaster is not easily affected by Sevin and is- 
not affected by low concentrations of DDT; mosquito larvae are not affected by ‘“‘residue”’ 
concentrations of DNOC. For this reason it is important to make use of more than one test 
ore particularly when investigating samples containing a residue of unknown identity. 

“An attempt has been made to find out the extent to which bioassay i is 1 used in the U.S.A. _ 
a in Canada for the determination of pesticide residues in foodstuffs. It would appear 
from replies tor correspondence with certain laboratories in the U.S.A. that the use of bioassay 
is fairly extensive. University departments, industry, government laboratories (in which 
category are included the state laboratories) and private research laboratories are all engaged — 4 

2 The Universities of Arizona, Washington, Oregon : and Cornell are all said to have workers 
dealing with bioassay of residues. The departments of Professor Hoskins in and 

_ Professor Dewey at Cornell are probably doing the most work in this field. copie 
The California Department of Agriculture has an operational residue bioassay laboratory, 
‘Colorado j is in the process of setting up such a laboratory, and Nevada is said to be er ag 

The Food and Drug Administration have developed some techniques for residue bioassay 
that have been published, and their laboratories in Washington are obviously interested. Sp Sag 
Little information has been obtained, however, on the extent of thisinterest. 
In industry, the laboratories of both the food-processing companies and the tentacle 
manufacturers use bioassay for residue determinations. One correspondent states that the oe C3 
baby-food canners are particularly interested in bioassay. Several large canning companies ~ 
are said to apply bioassay techniques in connection with their regular quality-control pro- — 
grammes. — Other such companies employ bioassay on a more limited scale. One large a 
canning company was heard of that compares all its samples for bioassay with an arbitrary or. 
standard containing 0-1 p.p.m. of dieldrin. If the combined toxicity of the insecticides _ 
present in the sample is less om that of the standard, the material is assumed to be safe 3 
__ Many of the insecticide manufacturers’ laboratories use bioassay techniques for residue 
determinations i in connection with the development of new compounds and new i seen at, ZN 


little work going on directed to the of in foodstufts, 
although several establishments are engaged in the bioassay of small amounts of insecticides an 
in connection with their research programmes. The techniques are used mainly for the study et 
_ of comparative toxicities and not for residue determination. == | me 
The Food and Drug Directorate in Canada is interested in having bioassay y procedures 
developed for the detection, identification and determination of pesticide residues in food and 

® has suggested that the Department of Agriculture should collaborate in the work. Nothing © 


at “Shell” Research Li Ltd., ‘Woodstock Farm, 


“Shell” Research Ltd. was the only laboratory visited in in which was 
sed as a routine measure for residues. Tay the 
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but other suitable: insects are reared and could be used if necessary. These are the house- fly 
Ez domestica L. and the mosquitoes A. aegypti L. and Anopheles gambiae Giles. arse | 
The adult flies are exposed to a film of the extract left on the walls of a ‘screw-topped 
_4ounce jar after evaporation of the solvent from 2 ml of a solution. The j jars, without their 
+ lids, are rotated in a horizontal position in the mouth of a fume cupboard, in such a way that 
- evaporation of the extraction solvent leaves the residue distributed as evenly as possible over 
_ the inside surface. To avoid excessive evaporation of volatile insecticides that may be present 
a the extract, the jars are removed from the draught of the fume cupboard as soon as evapora- 
tion of the solvent is completed. esbinitesa ome, 
al Three-day-old adult flies are then placed in the jars—fifty to sixty in each. The flies 
_ have previously been removed from stock jars by carbon dioxide anaesthesia and counted 
into test-tubes, from which they are tipped into the treated jars. No attempt is made to 
separate the flies into sexes for the tests (compare with the method used at East Malling 
Research Station). The lids of the jars are then screwed on. Each lid has a hole, rag © 


+The extracts may contain substances that interfere with the toxic action of the pesticide 


bi pesticide used as a standard, in order to determine the amount present in the samples. - The 
amount of this extract added is determined by obtaining a value for the dry weight of a known 
oe It has been found that the presence of interfering extractives reduces the lass. of volatile — 
insecticides during evaporation of the solvent. This phenomenon is sometimes made use of i 
cf by adding unpoisoned extract to poisoned extracts that have little interfering substance 
present and are expected tocontaina highly volatileresidue. j= 
-” _ By the procedure described above, small amounts of a wide range of pesticides may be © 
detected. For example, 0-15 yg of dieldrin per treated bottle may be detected quantitatively. 
Smaller amounts may be detected by adding a known amount of toxicant to both the | 
sample extract and an unpoisoned extract, the difference between the two treatments being 
a measure of the amount of pesticide residue 
_ If residue levels are particularly high and it is not necessary to make : an extract in order 
to concentrate the toxicant present, a more simple procedure is used. _ The material is 
-_palped and placed in a suitable container, and D. melanogaster adults are introduced into the 
Bh eerie above the pulp. They become poisoned by contact with the pulp and ,ifitisa 

_ Suitable food, by ingestion of the pulp. By this procedure, endrin and dieldrin have been 
assayed at levels of 0-3 and 0-2 p.p.m., respectively, in the pulp. There is reason to believe 
‘Phoedrin could be at a leve level of 0-1 p.p.m., , but has has not been established. 


12 De Mallin. Stas 


East Malling Research Station, nr. Maidstone, Kent g 
(Mr. R. P. TEW AND ‘Miss J. M. SILLIBOURNE) arias 
_— assays by a biological test have been undertaken during the past year. This: & 


: _ was initially made necessary by a need to determine residues of endrin in blackcurrants, for 


_ which the chemical method was regarded as unsatisfactory below about 0-5 p.p.m. _ sci oe 
Adult D. melanogaster are used in a method similar to that employed by “Shell” oe 
Ltd. _ Specimen tubes, 3 inches x 1 inch, form the exposure containers, and the extract 
- solutions, after suitable “cleaning up,” are evaporated in the draught of a fume cupboard. _ 
__ It has been found that results are more satisfactory when only one sex of flies is used, y 
_ and experiment has established optima for insect density and holding temperature. Lethal-— 
dose (LD) values (in micrograms of poison per tube) have been determined for some of the j 
poisons in which there is field interest at the Research Station, and the method is the range 


used for the bioassay of aldrin, dieldrin, Rogor and thiodan, for which LD values in the range 
0-05 to 0-15 yg are encountered. When the amount of pesticide required to produce a lethal 
_ dose exceeds 0-2 to 0-3 yg (e.g., with malathion, diazinon, gusathion, delnav and phenkaptone) ie. 
larger ‘samples of ‘Plant ma material become necessary for. ‘Suitable dosage Tange and 
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Mr: 
poisons, ¢.g., Sevin and fluoracetamide, have been found to be without toxicity to D. melano 


_ Publication by the Research Station of experimental details and results is proposed for 


the nei fate 


the the chemical method is has been used for of 
Twingless D. melanogaster Meig. ‘has’ for residues of 
endrin and Rogor in plant material. - The extract solutions for assay are evaporated on 
circular glass plates, 9cm in diameter. Glass cylinders, 2 inches in diameter and 1 inch high, | 
are coated with talc, the excess of powder is shaken off, and the cylinders are placed on e 
glass plates. ‘Wingless flies are introduced into the cylinders. The flies cannot climb the 
talc-coated glass and so have to remain on the glass plate treated with the extract. Thirty — 
- flies are introduced into each cylinder. After exposure to the dry film on the plate for 1 hour — 
at constant temperature and a relative humidity of 70 per cent., the flies are removed to 
_ specimen tubes containing honey-soaked food pads. _ Mortality counts are made after storage 
for 24 hours at 75° F in these tubes. Rogor at 0-01 p.p.m. has been assayed by this method. _ " 
-Young Lebistes reticulatus (guppies), 0-5 inch long, have been used at this laboratory for 
residue assay. They are exposed to the extracts of material to be assayed in aqueous media. 
Two fish are placed in 50 ml of aerated distilled water in a 100-ml beaker, which is floated 
on the surface of a water bath maintained at 75°F. Under these conditions, unfed and ee x 
unpoisoned fish will remain alive for at least week, and endrin have 


‘The use of wi me some 
other methods because of the comparative ease with which they | can be reared and the sim- . 


plicity of the assay procedures. It is age pti that simple techniques, so long as they anon 
ive the most reproducible results. Ady 
Murphy Chemical | Compan Wheathampstead, Herts. oF 
The Murphy ‘Chemical s laboratories in ‘use bioassay for 
7 At the time the visit was made the technique employed involved use of adult D. melano- 
-gaster Meig. These were exposed to a dry film of an extract formed on the inside surface of oe a 
= bottom of a 9-cm Petri dish by evaporation of solvent from a solution. The flies were ae 
then confined in the dish by means of glass lids. The dishes plus flies were stored at 70°F 
until mortality counts were made. Small trays containing food (sugar solution on cotton- : 
~ woo!) were placed in the dishes shortly after the flies. This method was adapted from that 
_ This technique has recently been abandoned in favour of the method used by “She ell” 
Research Ltd. and East Malling Research Station, which has been found superior; the control _ 


are lower, and the general manipulation of the is to that 


method outlined above. Bioa 
compounds. 


Hawthorndale Laboratories, (I.C.1., Ltd.), Jealott’s Hill Station, 


a a The Hawthorndale Laboratories of Imperial Chemical Industries Ltd. rely almost entirely _ 
on chemical analysis for residues in plant and animal materials. 
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USE 


; Bioassay methods have been developed for use when necessary. “One method has been 
- Teported? and involves use of newly hatched larvae of the mosquito A. aegypti L. These 
Ku larvae are exposed to the material or extract in aqueous medium (1-5 ml) in small specimen 
a tubes (0-5inch x linch). Those larvae unable to swim after a certain exposure time are 
considered as affected. The method of assessing the larvae affected is by visual observation ‘ 
_ (compare with the method in use at Rothamsted). A 50 per cent. response of the larvae may 
be produced by as little as 0-002 wg of parathionineachtubee 
_ Another method involves use of an aqueous plant extract, which is spun in a centrifuge to | 
_ remove suspended material and is then sprayed on to aphids. Acyrthosiphon pisum (pea 
aphid) and Megoura viciae (vetch aphid) have been used with success, but only relatively high 
concentrations of residues can be detected by this technique. Certain organo- -phosphorus 


Rothamsted Experimental S Station, Harpenden, F H erts. 


‘The method of residue bioassay at Rothamsted i is similar to that u used at the Hawthorn- | 

_ dale laboratory. Second instar larvae of A. aegypti L. are exposed to the extract or 

materialin aqueous medium (2inl), 


ee _ The larvae are not sorted into affected and unaffected by visual examination. © They. 


_ ‘trated at one end ‘of the trough, ‘and a ‘bright light is ‘directed into this end. The normal <a 
larvae swim away from the light, and the affected ones remain at the illuminated end of the U 
trough. Thus an entirely objective method of sorting the larvae is used® - 
- ‘a This method has been used with success for the assay of insecticide residues i in poisoned § 
honey bees. The assay levels for parathion, dieldrin, DDT and BHC are 0-02, 0-02, 0-004 P 
and 0-006 wg per 2 ml of test medium, respectively, the figures ‘egveenting 50 per cent. ~ F 
_ The main disadvantage of techniques involving young mosquito larvae is that they a 
are particularly sensitive to other extractives present in the extracts. Honey-bee extracts, 
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. a example, proved to be so toxic that they completely masked the toxicity of the insecticide 
residues. This means that elaborate ‘ “cleaning-up” must be adopted. tie, 
Boots Pure e Drug Company, ' Veterinary | Science ) Division, ‘Thurgarton, Notts. 


bioassay technique for use with residues on sheep fleece. This involves use of larvae of the : ge 
sheep blow-fly, which are exposed to the treated wool in a small tube containing sterile sheep _ a 
serum. Concentrations of 50 p.p.m. of aldrin, BHC, dieldrin or DDT can be assayed in this Ba 

_ way by observing the percentage mortality in 24 hours. Lower concentrations (as little as Zz) 
1 p.p.m.) can be detected by observing the effect on the growth rate of the larvae. © : 
This technique can be used for assaying insecticidal solutions. A cotton-wool plug is nl 

; impregnated with the test solution, and blow-fly larvae are exposed to the ausees wool fora — b 

b 


the effects of DDT, BHC, dieldrin, diazinon, aldrin and many insecticides have 


4 


National Vegetable Station, Wellesborne, Warwicks. tides 


This laboratory has developed bioassay technique for insecticide residues in soil, 
but which may work equally well with residues in foodstuffs. Adult D. melanogaster are 
exposed to the extracts of the test materials in the form of a dry residue on a cotton-wool — 
dental roll, 2 ml of extract being absorbed on each roll. While the solution evaporates, the x 
~ rolls are suspended from a slowly rotating circular frame placed in an exhaust tunnel. This 
= that the residue dries evenly over the surfaces of the rolls. Syrup solution is added 
to the rolls, and they are o havg by means of small hooks in small tubes having funnel-shaped _ 


th 
the 
the 

bei 
ob 
wo 
fol 
th 
a 
af 

us 

4 

te 

4 


As the flies become affected, they fall to the bases of the tubes. The funnel shape »guides aie 
them to the opening, which is closed by a shutter. A logarithmic ‘“‘clock”” mechanism pens: 
the shutters on the tubes at logarithmically spaced time intervals, ~ When a shutter opens Ey 
the affected flies fall on to a sticky drum, which is rotated slightly after each opening of the _ 
shutters. A record is thus obtained of the time - ‘mortality response © of the flies | tothe residue 
| lm purpose of the “‘clock” mechanism is to obviate the necessity of making visual 
observations at inconvenient times. It has also been found that, with certain insecticides 7 
4 the interval between records has to be small (in the region of about 10 minutes), so that it 
_ would be physically impossible to complete one record before the next had to be made. | Each > 
tube would then have a different assessment time, and a strict time sequence could not be 
| ol _Three-day-old D. melanogaster adults are used for these tests, because it has been found ae f 
a ~ Dieldrin at a level of 0-1 yg per cotton-wool roll gives a 50 per cent. mortality of the flies eee 
_ after exposure for 2 or 3 days; 0-3 wg produces the same response in about 24 hours, and a 3 
(08 BE in about 11 hours. The exact times depend on the susceptibility of the fly culture in ek, y 
It that the sensitivity of this be if the were 
_ evaporated on toa glass surface or filter-paper. With the technique asit is at present used, the - we ven. 
absorbing surface must be capable of holding about 1 ml of both extract and syrup solution. a 


wits 


concentration of the extract may lead to a loss of toxic residue during the concentration a 
process. It is also desirable that sufficient volume of syrup solution should be used for it to 
remain moist throughout the entire test. This is necessary the flies 


The work here is mainly on the mode of action of insecticides. However, they have 
- techniques and stocks of insects available and are occamonally ¢ called d upon to do residue tests oe 
~ Two techniques have been used. The first was a method involving use of adult D. A 
melanogaster Meig. exposed to a pulp of carrots containing residues; with this, they were able 
to detect dieldrin at 0-5 p.p.m. and aldrin at 0-2 p.p.m. In the second method, D. melano- _ ‘ 
-gaster were exposed to a dry film of a purified extract in jars, as described by Hoskins, — 
Erwin. This method was used to determine residues in poisoned house- flies, and 


amounts of BHC of the order of 0-6 to 0-7 wg per exposure per 


the of residues specific. There is such a wide range of insecticide resistance 
by house-flies that it should be possible to identify insecticides by the particular strain of 
flies they do or do not kill. The maintenance of large numbers of strains of house- a ined 

be no easy task and would only be possible in a large and well equipped laboratory. 


“Mr. Brunink’s laboratory deals with market control of fruit ‘The 
- for insecticide residues is part of this work. Bioassay is used as a qualitative test to - a a 
“screen” all samples taken for insecticide analysis. Those giving a positive result in the ‘te oem 
bioassay are examined more closely by paper chromatography and chemical analysis, . 
The bioassay procedure involves use of Daphnia Spp- and is described below. sited ent 


plant material is extracted with light petroleum. sample i is chopped 
and set atte in solvent for 24 0g of material 1000 ml of 
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NEEDHAM: AN INVESTIGATION INTO THE USE OF ! 
PS rid light petroleum). _A 20-ml portion of the extract is evaporated in a 100- 100-ml beaker. 
= _ This evaporation is normally carried out at room | temperature by setting the beaker 
: - aside overnight, but when greater speed is required the solvent is evaporated on a water 
bath until only 1 or 2ml remain. This is evaporated by an air current at room temper- 
ature. This latter method is not preferred because of the possible loss of volatile in- 
a ohana The dry residue is dissolved in 0-5 ml of ethanol, and 50 to 60 ml of tap-water are 
then placed in the beaker. Twenty Daphnia are placed in the beaker by pipette, and 
the volume is made up to 100 ml. _ The mortality of the Daphnia is recorded at certain 
i time intervals, and the time Tequired to obt obtain a 50 per cent. mortality is Tecorded 


a When the Ra is very short, and in consequence the counting time and zero time : 

__-Variations introduce large errors, the original extract is diluted and further bioassay is carried 
a out. If this “screening’”’ is carried out with care, it may be used as a quantitative determina- 
tion of the insecticide residue, after this has been identified, by comparing the ite obtained 
__ with those obtained from a series of dilutions of the insecticide in question. === Tee . 


No useful controls are included in the tests carried out by Mr. Brunink because of the 
difficulty of obtaining material similar to that oe tested, but not treated with insecticide. . 


“not make for large | errors - These are probably better than no controls at all. ieee fo! oe Sy 


i. sensitivity of the test is of the order shown n by the figures below. pared 


Smaller quantities can be detected, but they give much longer LT,, times. Nap sist 
_ A Suitable second test animal is being sought by Mr. Brunink to avoid the possibility of. 
a residue passing undetected because of lack of sensitivity of Daphnia to particular insecti- 
_ cides. For instance, malathion and diazinon are unlikely to be detected. r} ; 
a: Mr. Brunink is of the opinion that bioassay, as he is using it, is essential because of the 
enormous amount of chemical work gaan to search for all the possible insecticides that 


PP or biochemical method is available. They are not only interested i in organo- oo: Be 
phorus insecticides, but also in all other groups of chemical compounds. 
rey Here, as at most of the laboratories visited, there were other techniques available that 
would with slight changes be suitable for residue assay. Screening tests for research com- | 
_ pounds in the public health insecticide field involved use of various residual-film tests. _ These : 


_ were being used with susceptible insects, such as adult mosquitoes and house-flies. Renard ag 


Biologische Bundesanstalt fiir land- und Forstwirtschaft, Braunschweig 
Laboratorium fiir Zoologische Mittelpriifung 


(Dr. P. STEINER AND Dr. E. ‘Mosepact) 


"Laboratorium fiir Chemische 


_ The German tial laboratories have recently started work on determining insecti- § 

- cide residues because of a recent law relating to residue levels in foodstuffs. This law states § 
‘ that residues of plant-protective agents must not exceed certain fixed tolerances. — These — 7 
_ tolerances had to be established by the end of 1959. In order to determine the residues in ( 
4 certain erage, Dr. Steiner and Dr. Mosebach have developed a method of bioassay eet ? 
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1960) Bro. BIOASSAY FoR PESTICIDE RESIDUES 1 
use of a pulp p of the : sample containing the ‘residue. D. elanogaster Meig. are exposed to th 
pulp of the test material in a way that gives extremely consistent results, which agree well 
= those from chemical determinations on the same sé ae (Dr. Zeumer and Dr. Neuhaus). 


is described below. | 


ay 


_ filter-paper collar between the walls of the dish and the pulp to absorb excess of moisture. 
7 cellophane cover is fastened over the dish, and a hole about 0-5 inch in diameter is : 
-madeinit. D. melanogaster (adults) are anaesthetised for 1 minute with carbon dioxide. — 
While anaesthetised, they are counted into specimen tubes—20 individuals per tube. 
Males only, between 24 and 48 hours old, are used for the tests. i 
When the flies start to recover from the anaesthetic, they are tipped into the © 
_ crystallising dish through the hole in the cellophane ¢ cover. This hole is then closed by | 
-: placing over it a piece of moistened cellophane. When the cover is dry, numerous small F 
i _ _ The dishes containing the D. melanogaster are then turned upside- -down on a muslin 
= shelf and stored in this way until mortality counts are made. The counts are made in ae 
_ a way such as to obtain an accurate estimate of the time required to kill 50 per cent. of 
The figures so obtained are compared with those for known amounts of the anes: 4 
added to a pulp from untreated produce. a In this way, the amount of residue present in ig 


Pulp ( (20, g) i is placed dish 9 cm in with 


By this technique aldrin and dieldrin in carrots are being assayed. The 
on the effective material and its concentration, is usually | attained within 24 hours, but with = 
extremely low concentrations the time may be longer, 
_ Successful assays are being made on radishes containing 0-2 to | 0-9 p.p.m. of aldrin 2 and 
Further details of this technique will be given in a publication by E. Mosebach and P. — 
Steiner, ‘“Biological Proof of Aldrin and Dieldrin Residues in Radishes and Carrots,” which 
will shortly appear in N des Deutschen Pflanzenschutzdienstes, 


Institut fir Pflanzenpathologie und Pflanzenschutz, De 


 (PRor. Dr. W. H. Fucus and Dr. S. Bomsoscx) 


Dr. Bombosch has worked on a method of making bioassay specific. _ This has been 
-published® and describes the identification of insecticides by. the slope of the dosage - -mortality — 

_ Tesponse of D. melanogaster Meig. adults when exposed toa dry film of the poison in Petri a Bb a 
dishes. Certain poisons give different changes in kill for a given change in dose. This, Ree a 


naturally, does not distinguish between all the known insecticides, but it does narrow the 


field for further investigation. 
Another method is currently being investigated by a This seeks to identify 
insecticides by the picture obtained when the results of time - mortality tests are plotted — 
- graphically. __ This work has only recently begun and hence it is not possible to say how well | 
it will work, but it seems to be successful for classifying the insecticides into groups. —_ 
7 af In conjunction with the above work, the ' variability of the resistance to insecticides of 
sated. From the preliminary results, it is evident that, if. y 


? ro precision is required from bioassay tests, the rearing of Drosophila is not as simple as 


(Pror. W. ScHUPHAN AND Dr. W. 
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deals with the quality of truit and vegeta re trial ofl 
of view and in relation to other special applications, such as indus — 
r ination of insecticide residues has recently become a par 


eo aly: The bioassay method used } has been described® and involves use of adult D. melanogaster 
a Meig. exposed to dry films of the extracts deposited on the interior surfaces of Petri dishes. 
: es Tests have been carried out on a wide range of fruits and vegetables contaminated with a 
ware - wide variety of insecticides. From these tests it would appear that the method is very 


sensitive. Parathion was determined in apples at a concentration aslowas0-06p.p.m. 
A rather complex extraction and ‘ 


‘cleaning-up” procedure is used and is described in 
* detail i in the paper mentioned above. ii 


Laboratorium der Stadt Zurich, , Insectizid-abteilung, Zurich 


main line of work. As far as could be ascertained, the bulk of the work i is sein the chem- j 
and biochemical procedures are ancillary toit, 


Several bioassay methods are used. A mosquito-larva (A. aegypti L.) test is used 
which is similar to that described by Burchfield, Hilchey and Storrs, although it differs i <- : 
_ detail and was developed independently.? The reaction to light of the larvae is utilised to 
distinguish between those poisoned and those unaffected by the residue in anextract. 
The light-irritation test with larvae of A. aegypti will assay the insecticides shown in 
__D. melanogaster adults are used in a direct method, in which they are exposed to a 
pulp of the test material, and in a test involving a dry deposit of an extract in small bottles, i 
_ the D. melanogaster being confined in the bottles with the deposits. House-flies are used 
in the direct method as are the D. melanogaster and in another method in which an extract of 
the test material is added to their food. 


LEVELS OF INSECTICIDES ASSAYED BY LARVAE OF A. 
_ The . values shown are typical of those obtained under the working conditions a = 


Die 


a 
ide 
sy 
tes 
de 
ide 
Ber 
— 
— te 
ee i i i he opinion that i 
i analysis, he is still of t t 
a use of chemical and chromatographic methods of ia 
i 
led 
— q 
7 
‘ 
Active substance in extract. ry 
Active substance in pure solution. 


BIOASSAY FOR ‘PESTICIDE RESIDUES N FOODS We 


‘a adc the results of a Sete it is ddaiste that only a le ad can be obtained as sto the ane 
identity of the group to which a residual insecticide belongs. _ This is done by observing the es 
symptoms of intoxication of the test organism and by comparing the relative results from — 
various bioassays. These methods, which depend on observations of the behaviour of the 
test organisms during a test, would be difficult to adopt as standard procedures. — They — 
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1 in depend to a large extent on the individual opinion of the observer. For this reason, positive _ r 
identification of the active substance is made by paper- chromatographic or colorimetric 
va e a. Dr. Eichenberger intends to use another method of separating extracts into fractions 
a - containing different groups of insecticides. - This is to treat the extract in a way such as to 
= obtain fractions containing insecticides resistant to acid or alkali or volatile by steam- 
Bes ‘distillation. Chromatographic separation will also be used. These fractions will then be 
ek - tested biologically. By this method and the one outlined above, it is hoped to identity and 
aoe ___It is interesting to note here that this laboratory has attempted to use Artemia salina 
“hi (brine shrimp) for bioassay. The method was abandoned for several reasons. It was very 
i laborious to rear the shrimps to the adult stage, the small A. salina (nauplii) are not attive 
ain - enough to allow easy macroscopical assessment of the effect of insecticides, and t the saline 
medium was found to be unsuitable for testing ‘certain extracts. 
ito G., Basle 
ar ie a the Plant Protection Laboratories of Geigy A. Buy , all samples for residue determination _ 
-"r are subjected to chemical or, if no adequate sensitive analytical method is available ae at 
sed _ Daphnia pulex used to be the bioassay test material, but its use has now been in 
t of _ because of great sensitivity to slight changes in the rearing conditions, e¢.g., changes in the 
Aa pH of the water and in the amount of illumination. This made D. pulex an unreliable test 
organism. The larvae of A. aegypti L. are now used with success, although they are not so 
sensitive to certain insecticides. The difference is, however, relatively small. D. pulex are 
_ twice as sensitive to parathion as are A. aegypti larvae. - 
- - The larvae are exposed to extracts of the test material in water in small shallow dishes. 


These are inspected at certain time intervals, and counts of the affected larvae are made. 
From these figures an estimate of the time required to kill 50 per cent. of the larvae is obtained. 
This is compared with the kills from standard dilutions of insecticides, and the amount of 
~ The counts of the affected larvae are made by purely visual observation of the larvae in _ 
each dish. This is in contrast to the technique used by Dr. Eichenberger and at ee 
_ which the affected larvae are sorted from the unaffected by their ability to respond to the 
stimulus of strong illumination. It is possible that the latter technique increases the sensi- a 
__ tivity of the mosquito-larva test, since the inhibition of the response to light is caused by 
lower concentrations of some insecticides than are required tokill, 
mosquito-larva test is sensitive to 0- ‘Ol and 0-1 p.p.m. of parathion and endrin, 
a gy in 20 ml of water, these concentrations giving 50 per cent. response in 1 hour. Ba 
__ This laboratory also uses another technique, which I did not see during my visit. Adult — 
_ house-flies receive a drop of water containing an extract of the test material. _ By this method, 
"assays may be made of dieldrin and lindane as low as 0-5 yg per replicate test GUE eB 
a From the preceding account of visits to certain laboratories in Europe, it can be seen 
that a variety of techniques involving a selection of test organisms has been used for the — 
_ detection and determination of pesticide residues in foodstuffs. The following sections con- 
; tain an a account of the more important literature ‘tTelating to the bioassay of pesticide residues. 
_ The most commonly favoured test organisms for ne residues of insecticides are 
D. melanogaster (vinegar-fly), adult M. domestica (house-fly) and larvae A. aegypti 


(yellow fever it shown that others been used to a limited 
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» oe ~The techniques i in which the test st organisms have been used may be divided into three 
. ____(#) The direct methods, in which the test organisms are confined over a pulp of the 
____ residue-containing material or the material is fed in some way to the individuals. = 
Th film methods, in which the test organism is exposed to the residue after 
of the solvent from an extract of the sample to be assayed. 


it) The aqueous methods, in which the residue, after extraction from the sample, 


is added to water containing some species of aquatic organism. j§. ### .» 


Adult D. -melanogaster® 018 have been used most with these adult 
: ‘These tests are generally of relatively low sensitivity compared | with most techniques for a 
_ residue bioassay.’* Gyrisco and his co-workers detected 0-1 p. p.m. _of aldrin and dieldrin 
q ee 2 ‘in fruit pulp. _ Pankaskie and Sun" claim the same order of sensitivity with plant materials 
generally. Fisher and Smallman" state that valid determinations were made of aldrin 
}: on 4 ‘pumpkin at concentrations as low as 0-05 p.p.m., the flies being exposed to the pulp for 24 
_- The maximum | sensitivity of this method is usually only achieved by long exposures es to 
- the pulp. Thus Mosebach and Steiner (see report on visit to Biologische Bundesanstalt fiir = 
_ Land- und Forstwirtschaft, Braunschweig) found that, although 0-008 p.p.m. of aldrin could § 
__ be determined in carrot pulp, the exposure time > required te to kill 50 per ¢ cent. of the flies may | 
_ Fisher and Smallman” state that their pulp method is a feeding method. When flies 
are exposed to a pulp, the toxic action of the residue may be exerted by contact of — flies | 
_ with the pulp or by the ingestion of the pulp if it is an attractive food. ; eb LT 
; a A direct-feeding method has been described,“ in which milk was absorbed on Ste 
wool, and adult house-flies were then exposed to this. Concentrations of 0-1 p-p.m. of 
dieldrin or aldrin and 0-2 p.p.m. of lindane were detected in milk by this technique. 
Frawley, Laug and Fitzhugh” described a direct- aeoding method in which an ether 
_ extract of the sample to be tested was evaporated over sugar. The sugar was then dissolved 
in water, and the solution was fed ad libitum to M. domestica for 24 hours. This technique 
was able to detect 3 yg of parathion, 5 wg of lindane and 15 yg of DDT i 7 . variety of fruits 
er 


METHODS— 
These snathods, like the direct techniques, h have been used with adult D. . melanogaster 


__ The film may be formed on the inside surface of small glass jars,*17-1*.1° small tubes,” 

~ Sun and Sun™ have assayed as little as 0-4 ug of aldrin and dieldrin per exposure vessel 
with M. domestica. This represents 0-1 p.p.m. in a 100-g sample of contaminated material. t 
Klein and his co-workers determined 0-1 to 0:5 5 p.p.m. of endrin in leafy vegetables by using — 
M. domestica in a dry-film bioassay. ™ Hoskins, Witt and Erwin used the ame insect al : 
assaying lindane at wg per exposure bottle il 
Some workers have used a dry film,!.29.24,25,26 but others claim that the addition of small 
-amounts of an oily substance to the film increases the pick-up of the toxic residue by the 
- fliest and improves the distribution of the film on the surface.*.!7,22,.27,28 These oily substances — 
may be light mineral oils or vegetable oils, such as olive oil or corn oil. The presence of oily 


substances reduces the losses of volatile ‘pesticides during evaporation of 4 solvent,” but 
may to some extent mask the toxicity of the film of residue."*-7490 00 7" hy 
Z. The process of extracting the toxic residue from a sample may also mens other materials © 
present that exhibit a toxic action to the test organism, particularly if the extract is concen- j 
trated to increase the sensitivity of the bioassay.1 :22.28,30,31 Steps h have to be taken to remove 
the interfering substances from the extracts before Visi. 
With D. melanogaster, Kastings and Harcourt® were able to assay 0-06 p.p.m. of parathion § 
cauliflower. With the same test insect, and aldrin have been at 0-8 and 
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This gn group 1p of techniques has mainly been ust used with the larvae of A. aegypti? 3 7 7,88t04 
and represents the most sensitive bioassay method available. — laste 0:9: was able to deter 
mine parathion at 0-002 wg in each replicate of an assay. 
_ Other test organisms have been utilised for these methods; among ‘hak are species ie 
Daphnia (water flea) ,“.*.“4.4 Gammarus pulex (freshwater shrimp), 48 Artemia salina (brine 
shrimp)*?-48,4°,5° and certain fish. Pagan and Hageman™ and Pagan™ used guppies (Lebistes — 


Direct methods with A. _aegypti—Starnes used, as well as a method involving an extract, 
a form of direct method with fourth instar A. aegypti larvae. Macerated diluted plant * 
material (potato foliage) was placed in the water containing the larvae. Some success was — 
gained with the method, but the plant material showed toxicity to the larvae and suppressed : 

to some extent the toxicity of the insecticidal residue. 
ae A direct method was used by Bushland® in an attempt to determine residues of DDT, — 


_ Fourth instar A. aegypti oe 


larvae were immersed in a 4 per cent. emulsion of butterfat. " Although the larvae survived _ 
for at least 24 hours in the emulsion, they failed to be killed by the addition of 1 p.p.m. of the 
toxicants. So great was the effect of the interfering substances that concentrations well in 
excess of a lethal dose in water were not detected. 
| Extracts of the samples to be tested have been used in most techniques involving aqueous bi See > 
&§ Extract methods with A. aegypti—aA. aegy aegypti larvae have been used by some workers with — a 
an extract in relatively large volumes of water.“.* This meant that large samples had to be 
| used in order to obtain sufficient residue to produce a toxic effect. Newman? increased the 
_ sensitivity of the method with A. aegypti by using first instar larvae and exposing them to the - es 
_ extract in only 1-5 ml of water, so that the total amount of toxicant required was small 
A visual examination was made, and the absence of activity of the larvae was the ae 
recorded. By this method a 50 per cent. response of the larvae was ae to 0- ‘002 Hg of 
| ——_- Various workers*.7.*> have improved the means for determining whether or ‘aaa a mosquito 
larva is affected by a toxicant. Early: instars of A. aegypti are difficult to observe with the 
naked eye. Consequently, use has been made of the fact that they are negatively phototactic, — 
@ ie., they move away from light. This response to light is inhibited by very low concentra- 
§ tions of poison. Thus, by using a suitable apparatus, normal and affected larvae may — 
distinguished and objectively. large volumes of water were used. Burch-— 


“time to lindane at 0-01 p. pr m., tins at ‘02 p.p. m., , aldrin at 0- ‘005 p-p.m. and a at 

I nterference-—Even when extracts are used with mosquito larvae, from ex- 


them to be to DDT.*8 He also described as being more 
- sensitive indicators of water pollution than are fish. Kocher and his co-workers® used me 
_ pulex to assay insecticide residues in fruits and vegetables. A description of a technique for = 
bioassay has been given by Pfaff.# A value for the 50 per cent. response of D. pulex to para- 
thion has been given as 0:5 p.p.m. in each test container,“ this being a mean value obtained | 3 
from various times of exposure. With longer times, in the region of 8 hours, 0-05 p.p.m. could — 
readily be detected. The parathion was in an extract of cherries. 
_ The anostracan Artemia salina has been used as bioassay material for residue determina- 
tion. . - The first mention of its use was an contribution in “7 Since then, 
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7 0-320 p. >: m. after an exposure of 5 hours. The conclusion reached was s that they ‘i aa so. 


sensitive as are the larvae of Aedes aegypti. These results were obtained with dilutions of 
_ pure insecticide and not with extracts. s. The it interference from extractives does not t appear to 


Fish have been used to assay residues in an aqueous-type test. :' acell selected Lebistes § ™ 
_ reticulatus (guppies) for a toxicological assay of derris and lonchocarpus roots. Pagan and Te 

6 Hageman” used them to detect small amounts of DDT in plant materials and milk. Rend a 


- LDso of DDT was approximately 0-04 p.p.m. after an exposure of 24 hours. The fat in milk 
__ was found to interfere with the toxic action of the DDT and was itself toxic after long ex- § ™ 
posures. Carrasius auratus (goldfish) have been used for residue assay.:54 These were used 
to determine a number of chlorinated hydrocarbon insecticides in plant and animal materials. e 
A 100 per cent. reaction (convulsions and loss of equilibrium) of the fish was obtained at 
_ the following concentrations (micrograms per 250 ml of water): lindane, 50; DDT, dieldrin, le 
or toxaphene, 100; ‘Dilan or 200; aldrin or chlordane, 500. 


ie A wide range range of bacteria, yeasts od protozoa have been. investigated | to ascertain their 
p suitability for insecticide bioassay. i! The results with DDT and lindane were negative. | _Para- 


— 


_——__- The bioassay in foodstuffs of residues of other pesticides, such as 1 as fungicides a and h herbicides, 
and the use of organisms other than insects have received little attention. Several methods 
of detecting the presence of small amounts of fungicides have been described, although few 


of them have been developed for the purpose under consideration here. Sa 
A method for detecting small amounts of fungicide on seeds has been described by Mead. 
_ The seeds were placed on agar plates previously seeded with a suspension of spores of Helmin- 
thosporium sativum, and growth of the fungus was inhibited by the fungicide on the seeds. 
No details about sensitivity were given. Leben and Keitt® detected microgram amounts of 
tetramethylthiuramdisulphide (TMTD) on corn seeds by absorbing an ethanol extract of the - 

" seeds on blotting- paper discs. - The d discs were placed o on om plates seeded with Glomerella 
‘These techniques depend on the . diffusion of the fungicide or other toxic substance into 

- the agar. A zone of inhibition of the test organism is formed in this way. & Leben and Keitt,* ; 
_ Thornberry and Arny and Leben®.® have all used this agar-plate ‘diffusion method for the 
detection and determination of small amounts of fungicide. A similar method has been | 
“sed for determining antibiotic residues in preserved fish, the test organism being Staphylo-— 
_ _The translocated fungicide 2- pyridinethiol- l-oxide has been detected in cucumber seed- 3 | 
lings by the inhibited germination of spores of Monilinia fructicola. The samples were 
Be ee and spun in a centrifuge, the supernatant extract being used for the test. co 
— and his co-workers® investigated the possible detection of fungicides by a wide : 
range of micro-organisms, including bacteria, yeasts and protozoa. The fungicides nabam and 
_ zineb were tested against the micro-organisms, and various techniques were used, , depending | 
on the test organism. In one, a turbidimetric method, the fungicides were added to inocu- ; 
lated nutrient broths and the turbidity of the resulting culture was taken as an indication of 
the growth of the yeast or bacterium; a decrease in turbidity indicated inhibition of growth. 
The assay-disc method already described was used with some of the bacteria. _Lastly, the 
effect of the pesticides on the behaviour of individuals in cultures of free-swimming protozoa 
results from these experiments were largely negative. graded response was, 
however, given to nabam and zineb by Micrococcus pyogenes var. epidermis. en it 
_ Actidione (cycloheximide) has been detected quantitatively in cherries by a bioassay 
involving use of Saccharomyces pastorinus.® Extraction into chloroform and Subsequent 
isan of the extract were necessary for concentrations below 1-5 p.p.m. in the fruit. 


Aqueous suspensions of the extract were added to plate cultures of the fungus. A concentra- 


tion of 0 04 p.p.m. could be detected in the fruit by this method. 7 
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Nowelther: 1960] BIOASSAY FC FOR PESTICIDE RESIDUES IN FOODSTUFFS 


a During: this : investigation nc no literature has been found relating to the bioassay a of ~ 
- of herbicides in foodstuffs, but several methods for determining herbicidal action showed high _ 
_ sensitivity and might well be of use for determining residues.”"8 The sensitivities of these 
_methods have been discussed by Dewey”* in a review of techniques for the bioassay of pestici 


“s In addition to these methods, two procedures have been described in which the inhibition 
of growth of the primary roots of germinating cucumber seeds” and corn seeds® has been 
_ used as a measure of the concentration of 2:4-D present in an aqueous solution; a sensitivity 

_ Zimmerman and his co- -workers®! described a method of bioassay for residues of 2: :4D, a 
- but not in foodstuffs. The technique, which depends on the modification and curvature of the — 
a and stems of cotton and tomato plants, was used for detecting the herbicide as a con- — 


bioassay is generally based on a time - mortality or a dosage - 1 
= of the test organisms. The statistical methods involved have been reviewed a i 
 Sun® and Dewey.’ There are, however, certain general conditions that it is essential to bear : 
in mind when bioassay techniques are used. There are many factors that can affect the value — 
_ of the results obtained from tests involving biological material. These factors fall into two 
_ groups, those relating to the casero in which the bioassay is carried out and those affecting 3 
Potter and Way® have reviewed the factors affecting the results of precision spraying ~ 
techniques for the laboratory assessment of insecticides. _ Many of these may also apply to 4 
_ bioassay tests, which involve other living organisms than insects. _ Here will be considered 
: these factors as they have been found by some workers to affect the performance of bioassays 


It is important for bioassay that the test organisms should be reared under carefully 
controlled conditions. Many workers have found® that certain factors relating to the rearing Re 
conditions and the storage of insects before use in insecticidal tests can affect their suscepti- ie 
_ bility to the toxicants used. Nutrition, humidity, temperature and illumination are among) 
these factors. If accurate and consistent results are required from bioassay procedures, it is ns ay 
important that the effacts of these factors on the test organism should be understood, and, i . 
= their variation throughout a series of testsshould be avoided. | parted 

__Many workers have described rearing techniques for the three test insects frequently — 

in bioassay (D. melanogaster ,1°.*5.84 M. domestica®to® and A. acgy 92,93,94) and have 

studied the conditions most suitable for successful maintenance of cultures. 
__ The rearing of the crustaceans Daphnia spp. and A. salina has received less attention. 
-Seume® and Anderson®® have described methods for rearing D. magna, and Sun® states that 
rearing is simple, bacteria or their equivalent being all that is required for food. The no 
_of A. salina is unnecessary, since the eggs may be purchased at most pet-stores. — Tarpley* — 
and Michael and his co-workers*®.5 described methods by which adults and younger a. 


AGE. AND SEX OF INSECTS— 


age at which test are used in bioassay has been found to » affect the res alts 
er _ Burchfield and his co-workers have shown that the various instars of the iarvae ae 


age within the instar. If the age used is not carefully controlled, variable and rtaeaetr orden 
results may be obtained from the bioassays. Fisher and Smallman” drew attention to 
inconsistency of results in connection with the age of D. melanogaster used in the pulp method ae 


_ The sex of the insects used in bioassay determinations has also been found to affect the c. 
results; male D. melanogaster were found to be more to than were 
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females. 10,8 To obtain the precision one sex only was Fisher and $ an 
found that uniformity of response could be obtained by using equal numbers of ail 
This uniformity was destroyed when the pre of either sex was increased. — 


Tt is of importance design the ‘in such that it is of giving 


information required. To this end, adequate control tests both with and without added ~ & 
toxicant should be included. These controls should demonstrate the effects of interfering 
4 substances, toxicity from sabvests and the handling of the test organisms. 


_ The treatments given to the organisms in the bioassay should be replicated rege i 
and enough individuals should be used to ensure the validity of the results obtained. __ aid = 
__It has been found that, when very small amounts of toxicant are involved, there i is an - 
ben number of individuals that can be used in each replicate. 10 If too many ere used, = 
each one may only be able to pick up a sub-lethal dose. 
It is important to ensure that the amount of toxic residue to which the test organism is . 
aa exposed is reproducible, otherwise there may be large variations between the replicatesina § . 
_ test, which will make the results unreliable. In this connection, the duration of exposure to 9 ; 


the — must be carefully controlled if reliable quantitative results are required.™.?8 Be 

nee To facilitate t the handling of the test insects weed in bioassay, anaesthesia is often applied, "7 

aa it has been found that its practice before an assay can affect the results. Edwards and > i 

his co-workers*’ found that results were erratic when ether or carbon dioxide was used as Le. 

anaesthetic for D. melanogaster to facilitate counting and sorting into sexes. _ Residues of he 


r 
aldrin and lindane were b being assayed in soils by a 


is well known that insecticides do not affect all species of ‘equally. In ‘my 
experience, melanogaster an aegypti are relatively insensitive to an 
_ expe -D. melanog d A. aegy latively DDT and DNOC, 


respectively.  Itis important to use more than one species of test organism in order to ensure 
that a negative result is caused by lack of a toxic residue. This is particularly important in- 


In the assay of residues of lindane by ¢ a ‘tee maetined ta inv olving use of house-flies, Hoskins, 
_ Schiller and Erwin® found that no two test containers had identical size or distribution of 
crystals of the poison. The flies picked up different amounts of the crystals, which caused 
the mortality results to be unreliable. The addition of a small amount of light spray oil to 
the film prevented crystal formation and assisted in the production of a uniform film. 
Hoskins, Witt and Erwin‘ discuss other problems arising from varying the pak states of 
carried out. It is important that the effects should be allowed for and, when consistent results _ 
are required, these conditions should be standardised.77 
___ A comprehensive review of the factors affecting the use of micro- organisms in the agar 
diffusion and turbidimetric methods of assaying fungicides and other toxic substances for 


hich these method itable has b by H 


a. A Var arious une have been made to achieve specificity in bioassay tests i in order to be 
‘ able to identify as well as determine the poison present. The only purely biological methods 
_ of identifying toxicants that have been described are by their effect on the behaviour of the 
test organism before death and by differences in susceptibility, j= an 
a _ Burchfield and his co-workers®* found that DDT and parathion could be identified by 

their effect on the behaviour of the larvae of A. aegypti exposed to strong illumination. Bi 


difference has been found in the inhibition of the response of the larvae to light of different 
wavelengths after poisoning by certain insecticides. It has been suggested that this ‘Tesponse — . 
be used to discriminate between certain insecticidal 
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wa 


_ insecticides the movements of Daphnia spp. after poisoning. DDT and chlordane have 


report, 


a Identification ha: the above methods is difficult when mixtures of pesticides are im a 
| ‘. asample. Fleming, Coles and Maines* overcame this by taking advantage of the difference sag 
_ _Identification and determination of ‘residues and mixtures of residues is most conven- | 
iently done by a combination of bioassay and chromatographic or chemical methods. The ay 
residues may be subjected to chromatography or treated by chemical methods affecting he iy 
"stability of the pesticide present in such a way that fractions are obtained that may contain 
certain pesticides or groups of pesticides if present. These fractions may then be subjected _ ae 


- The c choice of suitable techniques for the bioassay of pesticide residues is not easy, 
7 _The simplest methods are the direct ones, in which a pulp of the sample to be assayed is 
used. No extraction and subsequent cleaning up is required. These methods are, however as a 
- regarded as being less sensitive than others, unless inconveniently long exposure times are _ 
given (see report on visit to Biologische Bundesanstalt fiir Land- und Forstwirtschaft, Braun- 
schweig). In the presence of strongly masking substances direct methods may even be use-— 
_ Tess. Hartzell found that a concentration of BHC in processed peaches that gave 100 per a : 
cent. response with A. aegypti larvae was non-toxic in processed peas. 
The methods in which extracts are used can be more sensitive than the direct methods. _ ee 
This increase in sensitivity is achieved by concentrating the extract obtained from a large 
sample. This process also concentrates the interfering substances, which can mask the toxicity at 
of the residue or may themselves be toxic to the test organism. _ Thus, if extraction methods _ 
used, complex procedures for cleaning up the extracts will generally be necessary. 
a There is ev idence that the techniques suitable for fungicides are not applicable to insecti- au = 
cides and vice versa. 3 Special techniques will have to be used for fungicides and herbicides. — 
_ _ The choice of technique is primarily one of sensitivity, whatever pesticide is being assayed. — a 
- Secondly, a test organism must be chosen. _ This choice will be limited to some extent a 
by the assay method and the sensitivity required. Further limitations will be imposed by as = 
the facilities available for rearing the test organisms. It has already been stated that rearing, "a 
particularly of insects and crustaceans, has to be done under carefully controlled conditions. ' a 
For most organisms, this rearing has to be continuous. The eggs of A. aegypti can, however, 36 
a stored for at least 1 month, which permits goed to be on a batch basis. The eggs of - 4 
A. s 


-Knierim and his co-workers with the females on preserv ved blood, but 
; ; Mz. domestica is a larger insect and is easier to handle, but it requires more space e for” ae 
__-D. magna and D. pulex require . only a small space for rearing,®* as does another test 4 


organism for use with the aqueous type ¢ of bioassay, L. reticulatus (guppy) ; the last-named i is a 


__D. melanogaster, as has already been stated, appears to be the most commonly used i sider 
‘for the bioassay of insecticide residues in foodstufts. _ It would appear also to be the most 2 
‘suitable insect for public analysts to use, as it can be reared in a small space. A small cabinet 


yuplying the necessary rearing conditions is all that is required to house the culture jars. 
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ae It has been pointed out in ‘this report. that the use a more than one test organism is 
desirable. If D. melanogaster is being used as the first test insect, then M. domestica could be 


: employed as the second, as it is suitable for the same bioassay methods. = ~~ 
_ _ There are probably many advantages to be gained from using two insects not so closely 
x related in different techniques. If this is so, then the second organism could be A. salina, 
_ one of the species of Daphnia or L. reticulatus used in an aqueous type of bioassay. It may 
; be satisfactory to use the larvae of A. aegypti, as a different stage in the life cycle is — 
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ant A procedure is described for the quantitative separation n of hexose and 2 

ele pentose phosphates present in acid extracts of tissues. The extract is neutral- 

a ised to pH 7-4 and applied to a strongly basic anion- exchange resin in the 
chloride form. Elution is carried out by a single gradient of decreasing 
tetraborate and increasing acid and chloride concentrations. The phosphates 

THE comparatively recent application of anion-exchange chromatography to the resolution of 


_ complex mixtures of sugar phosphates has produced analytical methods superior in most — 
__-Tespects to the earlier schemes involving precipitation by barium and alcohol. We report 
here a simple and rapid method for separating the phosphate esters of pentoses and h y 

- ae compounds are important intermediary metabolites in living tissues. In foods, they are 


4 
known to be potent intermediates in the series of reactions leading to non-enzymic “‘brown- 


_ The sugar phosphates are separated by quantitative gradient elution from an anion-_ 
exchange resin. This procedure has an advantage over older stepwise-elution procedures? t* — 
' that continuous attendance on the apparatus is not required. It effects an improved 
separation of certain tissue components in comparison with earlier r gradient iil * and 


Su ugar 


the basis of the gradient used is Gifterent 


ue phosphates may be grouped into two classes—those that are acid-labile (the aldose 
a 1-phosphates) and those that are not. Consequently, too low a pH was to be avoided during — 
_ the elution of glucose 1-phosphate and ribose 1-phosphate. On the other hand, in order to ; 
minimise alterations to sugar moieties by enolisation, it was thought advisable not to ae rad 
__ _It was found that, when a column of the type , described below was used, the sug sugar site 
4 phates i in an extract of 20 to 25 g of fish muscle could be retained by strongly basic resin in the 
chloride form at pH values between 6-5 and 8-5. Extracts of tissue contain fairly high con- 
centrations of orthophosphate and chloride, and, by comparison with a prepared mixture of © 
_ the pure compounds virtually free from contaminating anions, the presence of these additional i 
anions decreased the amounts of sugar phosphate that could be exchanged on to the Tesin. — 
Fig. 1 shows the change in pH found du:ing elution with the solutions described aT 
“Method.” Comparison of this with Fig. 2 shows that the acid-labile glucose 1-phosphate _ 
and ribose 1- -phosphate were eluted from the resin before the conditions became too acid. | 
_ To reduce still further the possible break-down of these compounds on the resin, the complete 
column assembly, including the fraction collector, was placed in a cold room at 1° to 2°C. _ 
A high concentration of tetraborate was required in the initial stages of elution to effect 
- the separation of 1- and 6-phosphates. This was not so important at a later stage of the 
elution, when the aim was to remove from the resin compounds that had formed complexes 
— with tetraborate and were fairly firmly attached to the resin. A decreasing gradient of tetra- _ 
borate concentration was to allow maximum binding at the beginning of the elution; 


certain delay in the of 1- phosphate (the first compound of interest) 
; in the effluent was found to be unavoidable. Attempts to reduce this by altering the relative = 


_ Consequently, the first thirty or so fractions can be safely discarded 
when carrying out separations of the sugar phosphates in extracts of tissue. Onecompound f 
_ was eluted in this region when prepared mixtures were separated; this peak was found to — 
5 correspond to a so far unidentified impurity present in the sample of fructose 6-phosphate. me . 


_ The Separation and Determin Phosphates, 
Reference to Extracts of Fish Tissue 
a 

Acq 


wa ax 2b 
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1. Change in pH of effuent (53 cm x 1:8 
of Dowds (chloride), 200 to 400 mesh, during elution by a 
“gradient of 0-17 potassium chloride and 0-017 N hydrochloric 
acid into of 0- M and 0-0484 M ct chloride 


tical density 


bins, 


a of sugar phosphates: A, unidentified impurity; B, glucose 1- 
phosphate (20 pwmoles); C, glucose 6- (13 pmoles) ; 
told D, ribose 1- hosphate (7 pmoles); E, fructose 1-phosphate 
owe _ phosphate pmoles); H, fructose 1:6-diphosphate (25 
un ‘ymoles). Conditions of elution as for Fig. 1; 10-ml fractions; 
2-ml aliquots treated with anthrone reagent solution, and 
optical densities measured in 4-cm cells at 620 my (full- tins 
iets curve); 2- ml aliquots treated with orcinol reagent solution, 
optical densities measured in l-cm cells at 670 mp ig 
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seperation a mixture of hexose and pentose phosphates is shown in 


‘Fig. 2 _ The solution of the standard compounds was treated with sodium sulphate to remove 
7 the barium present, and its pH was then adjusted to 7- 4. The resulting solution was run on 
to the column and washed in with 200 ml of water. After the separation, specific uaries, 

procedures were used to detect, identify and determine the separated sugar phosphates. 

The overlaps between the peaks for ribose and fructose were not serious, as the orcinol pro- 
cedure used for detection and determination gave negligible colour yields with hexose phos- 
“phates at the concentrations encountered in extracts of tissue. Similarly, ribose phosphates — 

y P _ produce virtually no colour with anthrone when an excess of anthrone is present, as in the 
‘method used.”.12_ It was also found that, when this anthrone procedure! was used, a green 
colour appeared in = presence of any of the fructose Phosphates before the digestion at 


tho 


= 


rps 2a 


sample had been holes for a few minutes at 100° C. ” This observation was found to be of 
use in the identification of peaks and is in agreement with the known greater rapidity of colour 
_ development with fructose, compared with glucose, in the anthrone procedure.* = aes 
_ The colour yields obtained when these two procedures are carried out on hexose and | 
pentose phosphates are equivalent to those obtained with the respective free sugars.%13 
exchange column assembly—A glass separating funnel (the reservoir) of capacity at 
least 2 litres is connected through an air-tight joint to the top of a conical 1-litre mixing 
vessel fitted near the base with a right-angled side-arm (0-5 cm x 10cm). The mixing vessel 
contains a glass-sheathed paddle and is placed on a small magnetic- -stirrer motor. The side- 
arm of the mixing vessel is connected to the top of a glass column (70 cm x 1-8 cm) by a 50-cm 
_ length of flexible tubing and an 8-cm length of glass tubing, which passes through a rubber ad 
stopper. The column is fitted with a two-way tap at the base, and a plug of glass-wool, which 
retains the resin, is inserted immediately above the tap, so giving a minimum of dead —) 


complete a assembly i is placed i ina cold room maintained at 1° to 2° C. (the 


Spectrophotometer—Reading in the visible and ultra-violet regions, 


i 
7 


tock -A solution of 2 M Potaseiom chloride 0-2Nh 


ya 


Sodium hydroxide, 2 N. 


___ Mixtng-vessel solution—A 0-01 M solution of sodium tetraborate containing 0-0484 M 
_ chloride (also prepared by diluting the stock chloride solution). sss 
Dowex 1-8x (chloride)—Suspend Dowex 1-8x (chloride), to 400 mesh (obtainable 
from Howe & Co. Ltd., 46 Pembridge Road, London, W.11), in water, and pour the slurry 
into the detached column until a sedimented bed 53 cm deep is obtained. Wash the resin 
first with 2 N sodium hydroxide until the effluent is almost free from chloride ions, te ; 
with 500 ml of 2.N hydrochloric acid and finally with water until the effluent is chloride-free. 2 
Repeat the cycle of alkali, acid and water washing until the final effluent is free from material 
absorbing at 260 mp. Do not allow the column to run dry. 
___ Anthrone reagent solution—Dissolve 1 g of anthrone in 1 litre of 76. per cent. v/v oneal s 


ie Orcinol reagent solution—Dissolve 1 lg ‘of orcinol in 10 LOC 00 ml of a hydrochloric 


acid acid containing 0-1 1 g of ferric chloride. 
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“Extraction—Dissect approximately 20 g of fish muscle, and 
chilled 0-6 N perchloric acid. Filter the mixture rapidly at 0° C, and adjust the pH of the 
- filtrate to 7:4 by carefully adding 5 N potassium hydroxide. After 30 minutes ae ee 
_ remove by filtration any potassium perchlorate that has — eis 
Separation of sugar phosphates—Run the extract through the column of 1 (chlor. 
ide), and wash the column with water until the optical density of the effluent is less than 0- oll 
at 260 mp. ‘Attach the column to the assembly, and, with the outlet from the mixin 
vessel closed by means of a screw- clamp, pour 1 litre of the mixing-vessel solution into the 
mixing vessel. Attach the reservoir to the assembly, and fill it with the reservoir solution. _ ©) 
Start the stirrer, and open the reservoir stopcock, the outlet from the mixing vessel and the — 
column stopcock. Collect 140 10-ml fractions at the rate of 6 to 10 fractions per hour, depend- 
ing on the time available, and measure their optical densities at 260 my to establish the _ 
positions of the nucleotide peaks. Withdraw 2-ml aliquots from each fraction for the detec- 
tion and determination of hexose and p tose prapaates by the anthrone and orcinol 


if 


at A, 1- ‘phosphate; B, glucose 6-phosphate; C, ribose 
, unidentified pentose phosphate; E, fructose 
1-phosphate; F, ribose 5-phosphate; G, fructose 1: 6- -diphos- 
phate. ‘Conditions as for Figs. 1 and 2; aliquots treated with 
anthrone reagent solution (full-line curve); aliquots treated 


i with orcinol reagent solution (dotted-line curve). _ Optical 
“ei of effluent at my shown by line curve 


_ The curves in Fig. 3 show the separation of the sugar hhcewhetes present ina perchloric 
d extract of cod muscle. The sharp appearance of material absorbing strongly at 260 mp ee 
is a good indication that the elution of virtually all the monophosphates has ended. The three ae 
‘pentose phosphate peaks have not so far been identified from their positions; peaks C and , : 
are believed to be ribose 1-phosphate and ribose 5-phosphate, respectively, 
The recoveries of certain sugar phosphates after separation by the proposed procedure are 
shown in Table I. Commercial samples were used and were obtained from George T. Gurr 
= (136 to 138 New Kings Road, London, S.W.6 (‘‘Sigma”—disodium glucose 6- -phosphate) 
and from Courtin & Warner Ltd., Ballards Old Brewery, Lewes, Sussex (“Boehringer”’ — 
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The positions of the peaks obtained were found to vary slightly from one separation to _ 
another, but the resolutions were not affected. This shift may be ascribed to ‘different , 


ees of anions in the extracts and to ageing of the resin.  veaaiagg Te a i 


| 


“Ribose 1- date: as its dicyclohexylammonium salt, was run on to a columr 


n (53 cm x 
18 cm) of Dowex 1-8x (chloride), 200 to 400 mesh. Other compounds were » putified by 
fractionation of the barium salts with ethanol; barium was exchanged for sodium, and the 
preparations were run on to the column at pH 7-4. Phosphates were eluted by a gradient of 
0-19 M chloride containing 0-017 N hydrochloric acid into 1 litre of 0-01 M sodium tetraborate — 
containing 0484 M chloride. The sugar moieties were determined by reaction an- 
mount applie mount 5 


Glucose 6-phosphate 
Fructose 1- 


wee _ Fructose 1:6- — 
_ Ribose 1- -phosphate 829 
_ Ribose 5- ‘phosphate F 


uantitative separation of hexose and pentose phosphates. ei ee ri 
7 __ The sugar phosphates present in extracts of tissues other than fish muscle can be: separated 
he by this procedure, provided that the concentration of contaminating anions is not too high. — 
_ Checks should be carried out to ensure that the column is not overloaded when the extract is 

first applied ; the appearance of phosphate i in the washings i is an indication of f such overloading. 


ae We thank Dr. H. G. Khorana, of the University of British Columbia, for the. gift ofa 
te , ‘sample of ribose 1-phosphate and Dr. C. W. Parr, of The London Hospital Medical ne 


7 qa The proposed procedure provides a reasonably accurate, rapid and simple method for the 
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sis of ‘Bismuth Telluride and 


By H. J. CLULEY ano P.M.C. PROFFITT: 
Research of The General Electric Company Limited, Wembley, England) mf tr 
Methods are presented for analysing thermoelectric materials based on 
bismuth telluride. The materials examined included modifications of 
--——s compound in which bismuth was partly replaced by antimony and tellurium ~~ 
partly replaced by selenium; some materials contained a small amount of at 
_ Bismuth is determined in the presence of the other constituents by 
titration with ethylenediaminetetra-acetic acid. 
ae In the absence of antimony, tellurium is determined volumetrically in ct fon _— 
_ the presence of the other constituents by dichromate oxidation of tellurium’” — 
to telluriumY!. When antimony is present a ‘preliminary separation of the 
 tellurium, by precipitation in the elemental form, is effected before completing” ’ 
the determination by the volumetric dichromate method. 


ee distillation effected while the sample is dissolving ix in nitric acid; the distilled ia) 
an - jodine is oxidised to iodate and the determination completed by addition of 
att 2 potassium iodide and titration of the liberated iodine with thiosulphate. (eatey 

ian The determinations of ‘antimony and selenium are bebelly described. 


‘WitH junctions o of dissimilar metals, the thermoelectric effects first observed by (in 
1821) and by Peltier (in 1834) are too small to be of practical value for the conversion of ther- | 
mal energy to electrical energy or for the electrical production of heating or cooling effects. 
However, in recent years it has been found that many materials that are semi-conductors have __ 
“Seebeck coefficients” much larger than those of metals. Work in these Laboratories has ee 
shown that a few such materials have a favourable combination of properties (high Seebeck ay 
coefficient and high ratio of electrical to thermal resistance) such that the thermoelectric effect 
is of potential value, for example, in refrigeration. 
_ The materials developed i in these Laboratories for thermoelectric applications are bismuth 
telluride, Bi,Te,, and various modifications of this compound. The object of this paper is to 
report the methods devised for analysing thermoelectric materials of this type. ses bate beyics 


oa The materials it was required to analyse included bismuth telluride and modifications of 
this. compound in which bismuth was partly replaced by antimony and tellurium a 


replaced by selenium. Some materials also contained small amounts of iodine, which can 
have the effect of changing the sign of the thermoelectric properties of the material. 

_ Analyses were required to ascertain the composition of the various materials at different 
stages of preparation and also to assess the uniformity of composition within a preparation. — me 
For these purposes determinations of bismuth, tellurium and, when appropriate, iodine usually —_ 
sufficed, but determinations of antimony and selenium have also been made. ralpadrees Walser ; 

ee The development of analytical methods for this work was influenced by. three factors: _ 

(i) the large number of analyses required ; (i) a required accuracy of about 1 part in 500 for the 

major constituents; (#1) the need to analyse small specimens. For these reasons rapid volu- z 


metric methods involving the minimum of manipulation were sought, capable of giving the 
-Tequired degree of accuracy for the major constituents on sample weights of 0- 1 toO2g. 

_ The methods devised for the determination of tellurium, iodine, antimony 

_ For the direct determination of bismuth in bismuth telluride and related materials the vA : 

_ obvious choice was titration with EDTA (ethylenediaminetetra-acetic acid). Bismuth forms _ 
bers of the most stable of the metal - EDTA complexes and can be titrated with EDTA at e 


‘metals; xylenol orange is a indicator 
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“CLULEY AND ‘THE ANALYSIS ‘BISMUTH 


te bismuth is present, for example, in ‘standardising ‘the EDTA against pur 
- the bismuth can be dissolved in a small volume of nitric acid and the titration applied after 
a — the bismuth solution to give an acid concentration of about 0-1 N. However, with 
is bismuth telluride it was found that dilution after dissolving the sample always resulted in 
a extensive precipitation; the bismuth in the precipitate reacted only ‘Slowly with the > EDTA 


It was found that this difficulty could be overcome by adding EDTA solution to within - 

- about 2 ml of the expected titre before dilution with water. Even with this precaution, slight 
a occasionally occurred and in analysing bismuth telluride it was found advisable 

to continue mechanical stirring of the solution for a few minutes to ascertain whether the 
_-_In determining bismuth in materials containing antimony, slight recurrence of the end- n 
2 was always observed, presumably owing to traces of bismuth adsorbed on the antimony 
‘precipitate formed by nitric acid attack on the sample. Here again it was advisable to ; 
continue stirring for a few minutes to ascertain whether the at -point reached was permanent sl 
ornot. Addition of tartaric acid to retain the antimony in solution gave less sharp end- -points, t 
presumably because of some complexing of the bismuth by the tartaric acid, and titration in st 
the presence of antimony precipitate was was preferred. ni 


RESULTS FOR THE DETERMINATION OF BISMUTH THERMOELECTRIC MATERIALS 


Known Bi - Sb - Te - Se mixture 44-6 he, 44-6, 
Known Bi - Sb - Te mixture ‘ on: Thogs (eat mt) vd (get 
With 0-01 M EDTA (1 ml = about 2 mg of bismuth) as titrant, the required accuracy 
_ could be obtained with sample weights of about 0-1 g. Results obtained on single crystals of 
pure bismuth telluride and on known n mixtures | containing antimony, tellurium and selenium — 
Details of the procedure for bismuth are given below. 
EDTA solution, “approximately 0-01 M—Dissolve 7-445 g of disodium ethylenediamine- 
-tetra- acetate dihydrate in water, and dilute to 2000 ml. Standardise by applying the pro- 
cedure described below to accurately weighed amounts (about 0-1 g) of pure bismuth. — eit 
_ _Xylenol orange indicator solution—Dissolve 0-1 g of xylenol orange in 50 ml of ae 
The solution slowly d deteriorates and should be renewed monthly.® 


_ Stand the beaker at an aes so that it touches a hot- tial at me one point, and allow 
t the beaker to remain in this position until no trace of unattacked sample can be seen. Heating 

7 _ in this manner minimises the evaporation of acid during decomposition of the sample, which 
_ may require 10 to 15 minutes for samples rich im antimony. 
When the attack appears complete, swirl the solution to | dissolve any soluble pare: that 
_ ‘may have crystallised at the edge of the solution. Add about 0-5 ml of water, and, with 
the beaker flat on the hot-plate, heat the solution for 1 minute to decompose any undetected 
-Tesidual traces of sample that may be obscured by the antimony precipitate, ‘if present. 
Finally, add 3 ml of water, boil the solution for 1 minute, andthencooh 
Without any further addition of water, run in the EDTA solution from a burette until 
Me volume added is about 2 ml less than the expected titre; swirl the solution during the 
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addition. Rinse the cover with water, add the rinsings to the solution, and then add sufficient 
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1960), ‘TELLURIDE 
Add #5 drops of xylenol orange indicator solution, transfer the beaker 


add a further drop of titrant to restore the "iow o colour of the indicator. © ’ Continue may 
for a further 5 minutes, add 1 ov of titrant, and include this i in the titre if ¢ any apr o 


the of mach antimsuy, appreciable adsorption of the indicator byt the antimony 

precipitate can occur at the first apparent end-point. For this reason, if much antimony is present, 

it is preferable to add only 2 drops of indicator initially and to add a further 2 Bet eat the first 


The dichromate method* * appears to be the only volumetric procedure for catenins no 
subject to interference from selenium. _ The method involves oxidation of tellurium!V to 
telluriumY!, usually in a hydrochloric acid medium, by addition of excess of ‘dichromate 
solution; after a standing period to achieve complete oxidation, ammonium ferrous sulphate 
solution is added in an amount greater than that required to reduce the excess of dichromate, 
and the determination is completed by titration with dichromate of the residual ferrous salt. _ 
_ For trials of this method on thermoelectric materials, the sample was first dissolved in ing 
nitric acid, thereby obtaining the tellurium in the quadrivalent state; after expulsion of — 
nitrates by evaporation with hydrochloric acid, the dichromate method was applied in hydro- 
chloric acid medium as recommended by the original workers.* This process behaved satis- 
factorily v with bismuth telluride, but gave fallacious results when antimony was present. 
_ This effect appeared to arise from partial reduction of quinquivalent antimony on addition 
of the ferrous solution, the tervalent antimony so formed not being eenmeend re-oxidised _ 
in the subsequent final titration with dichromate. eee 
Consideration of other redox systems suggested that this difficulty was unlikely to be 
overcome other than by removal of the antimony or prior isolation of the tellurium. Pre-— 
cipitation of ‘tellurium as the element was the obvious method of effecting the required 
te 4 The procedure described below was then adopted for determining tellurium in the presence — 2 
oh of antimony. The sample was decomposed with nitric acid and the solution evaporated and 4 
_ § re-evaporated with hydrochloric acid ; elimination of nitrates is essential for complete recovery _ 

of tellurium in the subsequent precipitation. The tellurium was then precipitated with © 
_ §j hydrazine hydrochloride and sulphurous acid,® the filtered, washed precipitate was re-dissolved _ 
nine- in nitric acid and the tellurium determined by the volumetric dichromate method. The 
_pro- ff volumetric procedure was applied in a nitric - sulphuric acid medium, as used in the A.S.T.M. 
method for tellurium in copper alloys,* thereby avoiding the evaporations that would have | 
vater. been necessary to convert to a hydrochloric acid medium. Use of approximately 0-05 N is 


‘ota dichromate (1 ml = 3 mg of tellurium) permitted sample weights of about 0-2 g to be employed. 
7 bat ” A crucial part of this procedure was found to be the filtering and washing of the bulky 
ee | _tellurium precipitate under suction. Erratic results could be obtained if the mat of tellurium 


in an § in the sintered-glass crucible were allowed to suck dry during the process, so that the mass — 
1 add _ compacted and cracked. A possible explanation was that the resultant channelling through — ci 
_ &j the precipitate led to inefficient washing and that traces of unremoved adsorbed material, _ 
allow e.g., hydrazine or antimony salts, caused errors in the final volumetric procedure. By oper- — 
sating - ating under gentle suction it was readily possible to filter and wash the tellurium precipitate 
ff without its compacting or sucking dry, and the procedure outlined then gave accurate and 
sthat § The upper part of Table II shows results obtained in this manner on known ‘mixtures — 


with §} containing bismuth, antimony and selenium. These figures show that the method affords the 

tected ff required accuracy. As expected, the presence of minor amounts of selenium, although co- 

esent. precipitated with the tellurium, did not affect the accuracy of the method. It was, however, | 

___ &f observed that the selenium in the precipitate dissolved less readily in the nitric acid than did © 

: until the tellurium ; this a might cause some manipulative difficulty for compounds in which selenium — 

cient _ The lower part of Table II shows the results obtained by direct volumetric determination oe 


of tellurium in single- uth telluride. Int the direct determination, , applicable 
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_ antimony is absent, the ability to effect the * volumetric procedure in nitric - sulphuric Pa i s 
“J medium is of particular advantage; the sample can be dissolved in nitric acid and the volu- § 5 
_ ‘metric procedure applied without any need for evaporations or separations. 


Details of the methods for tellurium in the Presence and absence of antimony are given 


Standard potassium dichromate solution ‘6ll g of "potassium dichromate, 
previously dried at 150° C, in water, and dilute te to 2000 ml. This solution is used asa ‘primary § 


Ammonium ferrous sulphate solution, 0-1 N—Dissolve 78-4 g of 


an Antimony oe an amount of the ground sample expected to contain 100 to ; 
120 mg of tellurium. Transfer the weighed sample to a 400-ml beaker, add 10 ml of diluted § . 
nitric acid (1 + 1), and warm to dissolve the - pare When solution is mga, add about ¢ 
Add ig of urea to eliminate ne | nitrous acid, stir to dissolve the solid, and then add PF 
140 ml of dilute sulphuric acid (1 + 6). Add from a pipette 50 ml of the standard potassium § 
dichromate solution, and set the mixture aside for 30 to 45 minutes to ensure complete | 
_. When this period has elapsed, add from a pipette 10 ml of ammonium ferrous sulphate | 
: solution ; then add 5 ml of phosphoric acid, sp.gr. 1-75, and 10 drops of barium diphenylamine 


sulphonate solution, and titrate with the potassium dichromate solution to the purple end- 
On the same day as the tellurium determination, ascertain the dichromate equivalence 
of the ferrous solution as follows. To 10 ml of diluted nitric acid (1 + 1) add, successively, 
40 ml of water, 1 g of urea, 140 ml of dilute sulphuric acid (1 + 6) and 50 ml of water. Add 
from a pipette 10 ml of ammonium ferrous sulphate solution; then add 5 ml of phosphoric | | 


_acid and 10 drops of barium diphenylamine sulphonate solution, and titrate with the potassium — 


dichromate solution to the purple end-point. 


_ Subtract the volume of dichromate solution required for this titration from the total 
- volume of dichromate solution added in the determination of tellurium, thus obtaining the 


volume equivalent to the tellurium present. Hence calculate the tellurium content of the 
(tt) Antimony present—Use an amount of the ground sample expected to contain 100 
bs 120 mg of tellurium. Transfer the — — to a 250-ml beaker, add 51 ml of diluted 
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nitric acid 1), and heat the covered on a hot-plate until no trace of unattacked 
sample can be seen. Rinse the cover, add the rinsings to the solution, 


steam-bath, and allow the solution to evaporate to dryness. 


___ Moisten the residue with de aca acid, sp.gr. 1: 18, cover the beaker, and warm a 


rinsing. : Allow the solution to evaporate on the steam-bath until no smell of hydrochloric 

_ Add 10 ml of hydrochloric acid, cover the beaker, and warm on the steam-bath to dissolv 
the pasty residue. Dissolve 1 g of tartaric acid in 40 ml of hot water, add this to the solution 
and heat the mixture almost to boiling; the olution should be free from insolub 
Add 15 ml of freshly prepared saturated sulphur dioxide solution, 10 ml of reshly p 
solution and then a further 25 ml of — solution 


_ Set the solution aside for about 15 minutes the tellurium 
rocket on a small No. 4 pen sintered-glass crucible under gentle suction. With hot 
dilute hydrochloric acid (1 + 49) wash into the crucible as much as possible of the precipitate, 
and then wash the crucible and precipitate three times. Rinse the cover and beaker well with 
hot water to remove chlorides, pouring the rinsings into the crucible, and then wash the crucible 
and precipstate three times with hot water. During the filtration and washing take canes 


washing, leading to errors in the determination, can occur. 
the washing is complete, increase the suction and suck the 
possible so that the bulk of the precipitate becomes loose in the crucibie. _ Tip as much as © 
possible of the precipitate into the beaker in which the er ee was made, and add to 
the contents of the beaker 5 ml of diluted nitric acid (i+ 1). Heat the covered beaker to 
Dissolve the portion of precipitate — in the crucible through 


readily in the diluted acid, add 3 ml of hot diluted nitric acid (1 + ) to Spam te most of the f 
precipitate in the crucible, and then add dropwise 1 ml of hot concentrated nitric acid to 
dissolve the remaining precipitate; finally wash with hot water). pos. 

_ Transfer to a 400-ml beaker the two solutions containing dissolved p 
should be about 50 ml at this stage. Boil the solution for 1 minute, and then cool. — Add > ae 
of urea, stir to dissolve the solid, and add 140 ml of dilute sulphuric acid 0 pe oe ae. 


It was required to determine of the of 0: 1 per cent. of idling, present 


| as an additive in bismuth telluride and certain related materials. An accuracy to within lor # 


For the final volumetric determination of the iodine, the procedure used was esentilly 


# that devised by Leipert for the micro-determination of iodine in organic materials after com- 


bustion.?,8 The iodine, absorbed in sodium hydroxide solution, is oxidised to iodate with — 
bromine - acetic acid - . sodium acetate reagent, and excess of bromine is eliminated with formic. i 
acid; after addition of potassium iodide and sulphuric acid the liberated iodine is titrated 
with thiosulphate. _ The advantage of this procedure is the gain in sensitivity resulting from 
the conversion to iodate; 6 atoms of iodine are liberated for each atom of iodine originally 
This process is normally applied to an acidified iodide solution after addition of nitrite, the 
free iodine liberated by the action of nitrous acid being carried over in the current of steam 


Piss In work con materials was 
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add ni nitrite if the the sample in nitric and the steam- 
_ distillation were allowed to proceed simultaneously, provided that a suitable concentration 
no With the process applied i in this manner, oxides of nitrogen liberated during solution 4 
_ the sample were absorbed by the sodium hydroxide solution used to trap the distilling iodine. - 
This was found to lead to an appreciable “‘bromine demand” when the distillate was oxidised 
with bromine for the volumetric determination of iodine. Although this oxidation stage 
would presumably convert to the nitrate form the oxides of f nitrogen absorbed in the distillate : 
no interference with the determination of iodine occurred provided that a suitable concentra- 
tion of nitric acid was used to dissolve the sample. _ Too high a concentration of acid at the 
_ dissolving stage led to an abnormally high * “bromine demand” of the distillate and positive 
% errors in the determination of iodine could then occur, attributable to liberation of iodine from 
_ potassium iodide owing to the higher concentration of nitrate present. Addition of nitrite 
to the dissolving solution could give a similar effect. On the other hand, too low a concentra- 
tion of nitric acid at the dissolving stage led to low results for iodine, presumably owing to : 


incomplete conversion of the dissolved iodine to the elementalform. ent 
“With 0-5 g of sample, a suitable gee mixture that avoided these errors was 4 ml of dre 

. 4 water plus 5 ml of nitric acid, sp.gr. 1-42. Alteration of the amount of water to 3 or 6 ml could - 
cause small positive or negative errors, , respectively. at (Gb + Doe 
_Use of the “‘correct’”’ dissolving mixture permitted determination of iodine with the tat 
_ _ required accuracy, as shown by the results in Table III. The steam-distillation is simple and J 
to perform ; a determination can be completed in about 30 minutes, mm 

Details of the method for iodine are given below. oft the 


Known Bi - Sb - Te - Se - I mixtures 063 9064, 0-062 


METHOD FOR DETERMINING 


A round-bottomed 50-ml flask with a neck is fitted with a ‘‘recovery head”’ having an 
upper B14 socket and a B19 cone on the side-arm. Into the upper socket of this i is fitted a us 
a4 ‘B14 delivery tube to which an extra length of tube has been sealed so that the delivery tube m 
almost touches the bottom of the flask. The upper end of the delivery tube is connected by § 
-Tubber tubing to a steam generator. The side-arm of the recovery head is connected to a te 
_ B19 receiver adapter (long plain-bend type) that dips to the bottom of a boiling tube used to to 
collect the boiling tube is immersed to an depth in a beaker of 

a 


Sodium hydroxide solution, 5 per “cent. ‘w/v—Store in a ina polythene bottle. 


Liquid bromine—Analytical- -reagent grade of negligible iodine content. 
Sodium acetate in acetic acid—Dissolve # g 0 of sodium acetate trihydrate in 400 ml of 7 


Re Sodium acetate solution— Dissolve 80 g of sodium acetate trihydrate in in 1 400 ml of w water. va i 

Formic acid, 90 per cent. w/w—Store in a dropping bottle. tl 
ve Starch indicator solution—Dissolve 1 g of sodium starch glycollate i in 100 ml of water be) ‘ 
Standard sodium thiosulphate solution, approximately 0-01 N—Prepare ‘by dilution of 
standardised 0-1 N sodium thiosulphate. If required, standardise the diluted thiosulphate 
solution against 0-01 N potassium dichromate. One of 0-01 N _thiosulphate is 


_ Transfer’ 0-5 g of the ground sample to the dry 50-ml flask of the distillation apparatus, 
and add 4 ml « of water. Assemble the distillation but do not the 
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of steam; ensure that the water: in the steam generator is boiling. teal 


ion hydroxide solution and 10 ml of water to the boiling tube, which serves as receiver. __ nae 
" @ Carefully add 5 ml of nitric acid, sp.gr. 1-42, down the delivery tube into the flask, and 
of immediately connect the supply of steam. Pass in steam until the total volume in the receiver " 


assage of steam i 
sed. should be such that the ‘distillation takes: about 10 ‘Transfer the solution i in the 


i Dissolve 10 drops of bromine in 4 ml of sodium acetate in acetic acid, add the mixture 
the @ t° the solution in the 150-ml flask, and then add 5 ml of sodium acetate solution. Mix, and ie } 
set the solution aside forl minute. 
: j _ Add 3 drops of formic acid down the neck of the flask, and swirl for 30 seconds. If the — 

yellow colour of free bromine has not been completely discharged, add 1 further drop of __ 
formic acid, and swirl for 15 seconds. Add a small drop of methyl red indicator solution by 


to | means of a ‘drawn-out glass tube. If the indicator colour is discharged by free bromine pres- a i. 
| &f ent, add a further drop of formic acid, swirl for 15 seconds, and again test by addinga small __ 
lof. drop of methyl red indicator. A total addition of 4 to 6 drops of formic acid is usually 

co Add 0-2 g of potassium iodide and then 2 ml of dilute sulphuric acid (1 + 6), and immed-— : 

the lately insert the stopper. _ Swirl to dissolve the iodide, and set the solution aside for 5 minutes. _ % 


When this time has elapsed, rinse the stopper with 2 to 3 ml of water, collecting the f 
_tinsings in the flask. Rapidly titrate with the standard sodium thiosulphate solution until: 
the iodine _ colour is almost discharged. _ Add 1 ml of the starch indicator, and continue the 
_ titration dropwise until the blue colour is just discharged. Because of the presence of — - 
red the final colour change is from blue to pink. 


From the titre calculate the iodine content of of the > sample. 


lores—1. ie Although the : recovery head distal as asa splash trap, care should be taken to avoid 
carry-over of sample solution during the distillation. The presence of antimony, for example, in the 


distillate will interfere with the iodine determination, 
" __ 2. The amount of bromine specified Sea oe be sufficient too oxidise all reducing species in the 
As earlier, determination of bismuth, tellurium and, when appropriate, iodine, 
ada usually sufficed, but some determinations of antimony and of selenium in thermoelectric 


1 by When required, the determination of antimony was effected in conjunction with that of 


tellurium, The filtrate from the tellurium precipitation was treated with hydrogen sulphide s 
to precipitate the antimony. The antimony precipitate, which also contained any bismuth — 

present, was separated by filtration and dissolved by heating with a mixture of sulphuric _ 
_acid and potassium sulphate. After treatment with sulphur dioxide to ensure that the anti- 
‘mony was wholly in the tervalent state, the determination was completed by ja ; 
titration of the antimony in cold sulphuric - hydrochloric acid medium.'® Results for major an 
amounts of antimony agreed well with the values calculated by difference after determination — 

For the determination of minor amounts of selenium, the sample was dissolved in nitric 
acid, the solution evaporated to dryness and the residue re-dissolved in hydrochloric acid ; = 


(3+ 1). Selenium was precipitated as the element by passage of sulphur dioxide through 


concentration of ‘acid permits the selective precipitation of in the presence of tel- rf 


‘During the preparation of this paper for publication, a murveat paper by Reed!? was 
published, describing a somewhat different approach to the pele of similar thermoelectric 
materials. Apart from antimony, determined in the filtrate from the tellurium precipitation, 
our procedures for each constituent are independent, whereas Reed’s method Pong see a 


scheme for the consecutive determination of selenium, tellurium, 
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on the same pertin of sample. In this scheme selenium is first determined gravimetrically 
by precipitation with sulphurous acid from hydrochloric acid (4 + 1) solution. In the filtrate 
tellurium is determined gravimetrically by precipitation with hydrazine hydrochloride and 
sulphurous acid from 3 M hydrochloric acid. The filtrate from the tellurium determination 
_is divided into two portions, one being used for determination of antimony by sulphide 
_ precipitation, solution of the precipitate and final potentiometric titration of the antimony 
with permanganate. In the other portion of the filtrate bismuth is determined by titration 
_ with EDTA, thiourea being used asindicator, 
_ Our procedures therefore resemble those of Reed for selenium and antimony, but differ 
- somewhat for bismuth and tellurium. Reed states that his procedure for bismuth cannot be 
"directly applied because tellurium reacts with the indicator, thiourea. _ This difficulty « does 
arise in our method in which the indicator is xylenol orange. 
“* _ In Reed’s method for tellurium, the filtered precipitate is dried in vacuo at room temper- 
ature to avoid oxidation of the tellurium, which is stated by Duval!* to occur at temperatures 
above 40°C. In this context Duval’s observation is not wholly relevant, his thermogravi- 
metric experiments being made on the “‘finely divided” precipitate obtained by precipitation 
with hydrazine alone; precipitation with hydrazine and sulphurous acid, as used by Reed 
_ and ourselves, yields a much more flocculent precipitate. In experiments on pure tellurium 
solutions we found that the weights of tellurium precipitates, dried for 1 hour at 105° C, 
exceeded the theoretical weights by about 6 parts per 1000. These positive errors were pre- 
sumably due to slight oxidation of the tellurium at some stage in the procedure, although text- 
book descriptions of the method usually refer to the washing, but not the drying, as the stage 
a _ at which the tellurium is particularly susceptible to oxidation. Further work showed that 
solution of these ‘ “oxidised” precipitates, followed by volumetric determination, gave correct 
: values for tellurium. The volumetric finish thus provides a means of avoiding the gravi- 
¢ ‘metric errors that can undoubtedly arise from oxidation of the tellurium precipitate, whether 
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Phe of Ferrous Iron in Silicate 
> Minerals by a Volumetric | and : a Co colorimetric Method ro 
(Department of Scientific and Industrial Research, Laboratory of the Government Chemist, Geological Surve 
a Jgihag, avd, _ Methods are described for determining ferrous iron in milligram amounts mrliasé 
Sitar Of sample. Decomposition is effected at room temperature by hydrofluoric 
ution acid containing quinquivalent vanadium to oxidise ferrous iron as it passes 
7 into solution. In the volumetric method, the ferrous iron is determined by _ 
titrating the excess of vanadium’. The colorimetric determination is carried 
out by utilising the reversibility of the reaction V°+ + Fe#+ = V*+ + Fe'+, and 
the ferrous i re-formed is determined by means of dipyridyl. Water, 


In the determination of the ferrous iron contents of silicate rocks and minerals, measures have 


to be taken to prevent atmospheric oxidation during decomposition. For example, a sealed — 2s 
tube is used in the decomposition of resistant silicates by sodium fluoroborate flux. When 

the sample is decomposed by hot or boiling hydrofluoric and sulphuric acids,’ an atmosphere é 

of steam or steam plus carbon dioxide is used to prevent atmospheric oxidation of ferrous 
iron, which is pronounced in the presence of fluoride ions, presumably owing to the formation _ 
fa An alternative approach, in which an inert atmosphere i is not necessary, is the method | 
developed by Wilson for silicate rocks*; quinquivalent vanadium is used to oxidise the ferrous 
iron as it passes into solution. The stability of the oxides of vanadium in boiling sulphuric a 
acid has been discussed by Sieverts and Muller,’ and Schein* developed a method for deter- 


_ mining ferrous iron in chromites. Schein’s method involved use of hot sulphuric and ortho- 


phosphoric acids and vanadium pentoxide, which is moderately stable under these conditions. — 
‘Wilson found that quinquivalent vanadium was stable in hydrofluoric acid for up to 3 weeks © 
at room and so used hydrofluoric a acid under these conditions to 


tion of ferrous iron in resistant minerals by Hey.® Of the methods sedvieng —— eas 
by hydrofluoric and sulphuric acids, the most satisfactory in general use, that developed by i - 
Pratt,! requires a 100-ml platinum crucible for good results, as air is éxcluded by vigorously = 
boiling the acids to provide an atmosphere of steam. As this procedure, by the nature of its . 

technique, is not suitable for adaptation to the micro scale, the alternative method, in which gen 
vanadium’ is used, has been adapted t ad the micro scale for leone lon and colorimetric deter- 7 


In the exiginel macro method for silicate rocks, 2 0-5000 g of sample v was decomposed at _ 
room temperature by 10 ml of hydrofluoric acid containing vanadiumV, the excess of which — ENG 
was then determined by titration with ammonium ferrous sulphate, barium diphenylamine _ _ 
sulphonate being used as indicator. Boric acid was used to form a complex with the fluoride x 
ions and served the double purpose of bringing insoluble fluorides formed during the decompo- _ 
‘sition back into solution and of protecting glassware against attack. Boric acid has limited — 
solubility, and saseee cetinttitied large volumes had to be used; the final volume of solution was 
cc __ A simple ‘catllig down of this method - was not sufficient, as the end-point with barium 
diphenylamine sulphonate became too diffuse in the less concentrated solutions; the addition _ 
of orthophosphoric acid also failed to make the end-point sharp. However, it was founi that, — 

if the titration was carried out in the presence of free fluoride ions, the end-point was consider- _ 
ably improved and became sharp, as little as 0-0001 ml of 0-139 N solution being sufficient to _ een 
produce a definite change in colour. This is probably because of the formation of ferric 
fluoride complexes, which decreases the Fe*+ - Fe’ oxidation potential by removing ferric 
ions from solution. When polystyrene vessels were used throughout, it was possible to dis- 2h 
pense with the addition boric acid, and found fluorides could 
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-RO-DETERMINATION OF FERROUS 
dissolved and kept i in n solution by maintaining the acidity of the solution, at any stage, not 


less than 4 N in sulphuric acid. At lower concentrations of acid, fluorides tend to be thrown 
ont of solution and may interfere with the titration. The final titration was made with a 
— concentrated solution of ammonium ferrous sulphate (0-139 N, i.e. , imi 
~ equivalen t to 10 mg of FeO) delivered from a micrometer-syringe burette. The final volume ; 
of solution was kept down to 7 ml, thereby making possible the use of the : same polystyrene E 
_vessel for both decomposition and titration and so avoiding transference of the solution. _ 


STABILITY OF QUINQUIVALENT AND QUADRIVALENT VANADIUM— 


‘The method depends on vanadiumY not being reduced by hydrofluoric acid and on 
~ vanadium!V not being oxidised by air. _ The stabilities of these i ions were tested by placing — 
-0-1000-ml portions of 0-139 N solutions in polystyrene vessels containing 1 ml of hydrofluoric 
oe acid; the results in Table I show the titres found after different times of standing and 4 


tht 
STABILITIES OF VANADIUM IONS IN IN HYDROFLUORIC ACID 


"tt 15, Titre of 0- 139 N ammonium ferrous! 


9.0000 


“creeping” of the solution. periods of are not generally 
— required, since most rocks and minerals are decomposed within 4 hours; comparatively few 
samples need be set asideovernight. 


of ferrous iron was tested by adding various amounts of 0- N ammonium 


208 
Polystyrene weighing bottles— 20n ml; 50 mm mm high 20 m | 
Magnetic stirring rods are lengths of iron wire sealed in ‘polythene tubes 
REAGENTS— ww ti sal’ of bine io 
- Quinguivalent vanadium solution, 0-189 N—Prepare by dissolving ammonium vanadate 
_ in sulphuric acid, the final solution being 2 N in this acid. Use this solution as the working : 
‘standard. The solid ammonium vanadate used "vas of analytical- ‘Teagent grade and was 


_ it was found to have a factor of 0-996, which vanelied constant over 5 years. Solutions used ‘ 
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7 [—_ j vanadium and 1 ml of hydrofluoric acid and setting the mixturg Jt 
‘titration; the results are shown in TableI]. 
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VOLU 
sian 0-139 N, in N 
ae _ Barium diphenylamine sulphonate indicator solution, 0-01 per cent. w/v, aqueous. 


: reral ), an and transfer toa 


vessel. 
_burette; amounts of fenions 3 iron unin than 1 mg, as FeO, require more vanadiumY solution. o 
Add ml of acid, and set aside; most minerals will be within 4 


a magnetic stirrer to dissolve any insoluble fluorides that may been 
Add 5 drops af barium rset sulphonate indicator solution and 3 ml of water, and 


with stirring. The e nd- -point is a sharp ch ange from deep p urple to pale green, 
Carry out a control experiment on the reagents, and calculate the rey iron content of the - 


mineral from the difference between the two titres. 
DEVELOPMENT OF COLORIMETR(C METHOD 
direction of this reaction is dependent on pH. In strongly acid solution it ‘proceeds 
a quantitatively from left to right, but, if the pH i is i increased sufficiently, ferric ions are reduced 
a to the bivalent state by quadrivalent vanadium. It is therefore possible to develop a direct = i 
_ colorimetric determination by using vanadiumY to oxidise ferrous iron during decomposition — 
by hydrofluoric acid and then increasing the pH to regenerate the ferrous iron, which can Pi 
_ then ie determined colorimetrically by any of the usual reagents. These reagents have the 
_advantage that they may be used in weakly acid solutions, ¢.g., at pH 5, provided by an acetate 
_ buffer, in which the reduction of iron! by vandium!V takes place readily; the formation of a 
coloured ferrous complex also helps this reaction. It is necessary to convert the free fluoride _ 
- ions into a complex, as these would tend to hold the iron in the tervalent state by complex — a 
sh ._ Beryllium sulphate was preferred to boric acid for this purpose, as it is much — 
more soluble in water and appears to be more effective in mat ie insoluble fluorides into a 


er 


To establish whether or not recovery was , various amounts of iron, 


_ as ammonium ferrous sulphate, were treated by the colorimetric procedure outlined above _ 
* _and the optical densities found were compared with those obtained by the conventionalcolori- __ 
c metric procedure when the hydrofluoric acid, vanadiumV and beryllium sulphate were omitted. a 

Measurements were made at 525 my in 1-cm cells and corrected 
which indicated that recovery was complete, were— 


q added per 100 ml of solution, as FeO, 400 320 2400 


density by proposed | 487 0: "389 0- 291 
THO 
for the volumetric ¥ with— 


-Dipyridyl sc solution, 0-15 per cent. = 


= 


Carry out the as in the volumetric method, except that, as the vanadiumY 
~ solution ne need not be measure 


= 


A 
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OF FERROUS: IRON 
; ml of f this solution. _ When decomposition is complete, add 5 ml of beryllium sulphate solution, 3 
a and stir until all insoluble curdy precipitates have dissolved. Wash the contents of the poly- 


_ styrene vessel into a 100-ml calibrated flask wal 5 ml of 2:2’ oy gc solution and 10 


at 525 my ina l sam cell with a "Hilger Uvispek sonvaiiadeanin; use distilled water in a 
= cell as reference. Deduct the reagent blank (about 0-040) from this value, and carry 
Pe 4 out a control determination with a sample of silicate rock having a known ferrous iron content 

analysed rocks, the ferrous iron contents of which had been determined by other workers on 
ae _ the macro scale by a modified version of Pratt’s ;method. _ The standard rocks granite G-1 and 
diabase also examined ; the resultsareshownin TableIII. = 


Approximate 
modified Pratt’smethod minimum 
volumetric Pratt in other time for 
Rock material method, method, laboratories, decomposition, 


Shetland .. 33s: 0-33, 0-33 «033 

“Island, U.S.A... 0930-91, 0:94 0-93 0-93," 0-954 


“Virginia, 8-77 73, 8-75 8-65,* 8-7t 


The colorimetric method was applied to further rocks having high alton of ferric to 


ay iron; this ratio had no effect on the determination unless it exceeded 20 to 1. Under — 
- these conditions, and when ited large amounts of ferric iron were present, a faint 


FERROUS IN SAMPLES HIGH RATIO OF OF FERRIC TO FERROUS mo 


Ferriciron Ferrousiron colorimetric minimum 
Otivine- basalt, Arngask, Perthshire. 0-33 ee 0-32, 0-27 
Rhyolite, Church Steeten, |. 0-71 0-70, 0-68 
Aegirine-granite, Rockall, North Atlantic 8 2 2-44 2-46, 2-52 (30 
Olivine-basalt, Skye, Inverness- shire 0- 82 0-82, 0-80 
y' 
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co due | to acetate, which made results slightly 
samples, a small correction was applied by measuring the yellow colour at 420 mp, at 
which wavelength it was more intense and the colour of the ferrous - dipyridyl complex was 
_much reduced. The results in Table IV show that the method is reliable for ratios of ferri 

iron up to to 1; when the ratio exceeded 20 to 1, cortection wea 


As i in all determining ferrous iron, oxidising and reducing such 
as organic carbon, pyrolusite, sulphides of iron and oxides of vanadium, would be expected 
i‘ interfere, although these contaminants are seldom encountered in minerals, as distinguished | 
from rocks. The interference from a sample of pyrite and a sample of pyrrhotite was there- 
- fore examined and compared with the interference found when the Pratt method was used. 
_ By the colorimetric method, the apparent ferrous oxide content of the pytite ' was found tob 
E between 5 and 8 per cent. (depending on the time of standing, which was up to 24 hours) 
by the Pratt method, the apparent ferrous oxide content was 4 to 5 per cent. The apparen 
ferrous oxide content of the pyrrhotite varied from 1-5 to 4 per cent. (again depending on the 
_ time of standing, which was up to 24 hours), compared with 53 to 54 per cent. found by the © 
‘The vanadium content of many ‘minerals and rocks is so low, e. g., in granitic rocks it is 
often much less than 50 to 100 p-p. m.,® that its effect on the determination of ferrous iron is 
negligible, being within the experimeutal error of the determination. In some rocks it may ta 
exceed 0- 08 3 per cent., as and for these some correction may be attempted. In. order 


to Goldschmidt ® vanadium i in igneous rocks is nearly always present in the tervalent state, 
and for this type of rock a correction can be based on this observation. The interference i is 


and the correction is therefore. different for the proposed. In the 


method, V+ is equivalent to Fe?*+, whereas in the colorimetric method, since V*+ is equivalent 


to Fe, then Vt isequivalent to2Fe* 


In types of rocks other than i igneous, , such as metamorphic and sedimentary rocks, the — : 
valency state of vanadium is uncertain, as tervalent vanadium can be oxidised to vanadate _ fi ae 
during weathering ; other valency states may be _— in eeary & — _ The value of 


in silicate minerals on the micro scale. _ The colorimetric method is sree and would be © 
suitable for a large number of simultaneous determinations. _ Results found by both saneuueedl 
are in good agreement with those obtained by macromethods. 


| Organic carbon, pyrolusite and sulphides of iron interfere, but the interference from a B. 
sample of f pyrrhotite v was-found to be much less than when the Pratt method was used + a 


me This paper forms part of the programme of the Department of Scientific and Industrial 
Research and is published bcd permission of the Acting Government Chemist and the Director 
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By C. A. PARKER anp W. J. BARNES 

ot Patel 


(Admiralty Materials Laboratory, Holton Heath, Poole, Dorset) 


pas 4 The reaction of borate ion with benzoin has been used for the fluorimetric 
determination of very small amounts of boron. Factors affecting thereaction 
= are discussed and a high-vacuum distillation method is described for separating are Lh 1 
_ boron from large amounts of interfering materials. In favourable instancesa a i4 
simpler method of separation with an ion-exchange resin is suitable. 
eh cedures are described for determining boron in silicon (limit of detection about ‘he ae 3 
oy i. 0-03 p.p.m.), in sea water (with a precision of better than +2 per cent.) an 1S ee F 


and in 


_ THE fluorimetric cond of borate ion with Siecuiie was first investigated by White, Weissler — 

and Busker,! who applied it to determining amounts of boron in the range 0-1 to 10 yg. 
_ Subsequent investigation by the authors? showed that the method was capable of considerably . 
‘greater sensitivity, the limit being set by the magnitude of the blank fluorescence. The 
= has now been refined and a general oe has been developed for npr od 


a is formed by the reaction of te with 
a 


Ikaline aqueous-ethanolic solution. — 


It was found that sodium hydroxide, tetramethyl- 
ammonium hydroxide and sodium carbonate could — well be used, provided that the 
concentration of ethanol was maintained sufficiently high. Sodium hydrogen carbonate was 
unsuitable. The amount of fluorescent substance formed increases as the concentration of 
_ ethanol or benzoin increases, although the observed fluorescence intensity may decrease at 


high concentrations of benzoin owing to an inner-filter effect? 


solution, Tolerable variation, 


After m many trials the ‘concentrations finally chosen were as shown in Table I. The toler 


observed fluorescence intensity. _ The final volume was 16-5 ml (after contraction) and this 
was suitable for measuring boron up to 0-08 yg (7.e., 0-005 wg per ml) by the ps pro- 
cedure. The blank fluorescence corresponded to 0- 003 to 0-005 pg of boron. The calibration 
_ graph was linear up to at least 0-4 yg of boron, but for these larger amounts a more wee 


trated standard solution of of quinine bisulphate must be used. meer _ 


: The procedure was designed for use with a filter fluorimeter having a mercury lamp as 
~ source of exciting light. Of the principal mercury lines, those of wavenumber 2-29 p-* 
on _ (4386 mp) and smaller are so little absorbed by the borate - benzoin compound that the 
+ sensitivity is too low. On the other hand, those of wavenumber 2-99 p-* (334 mp) and 

 preater are absorbed to such an extent by the excess of benzoin that the inner-filter effect 
i: Bh unacceptably large. The factors affecting the choice between the remaining two 


a "principal lines at 2-47 (405 my) and 2-73 (366 my) have been investigated previously*®* 
and « can be summarised briefly as described below. 


K 
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Fig. 1 spectra of borate - benzoin and bensoin 
_ position ‘products excited by 2-73 w-* (366 my) light: curve A, 0-07 wg of boron before 
i” . addition of benzoin; curve B, 0-07 yg of boron in 16-5 ml of solution after reaction with 
_ benzoin; curve C, 0 blank after reaction with benzoin; curve D, solution C after 
photodecomposition. -— (Spectra are uncorrected ; a quartz monochromator and 6256 B photo 
‘multiplier were used. Correction curves were given by Parker and Rees’) 
_ NoTe— —The fluorescence emission spectrum of the borate - benzoin compound excited 
by 2-47 y-! (405 my) light has been shown by Parker.’ It is the same as curve B except © 
a: for the distortion by the Raman band of the solvent, which appears at 2-1 to 2-2 y-. Boery 
7 fluorescence emission spectrum of the photoproducts from long irradiation by the 2-47 p- ts 
‘mercury line is similar to curve D (apart from distortion by the Raman band) ee pe ie “ap 


Ay 


Transmission, 


Fig. 2. curves of primary secondary filter cells: curve A,1 cm of 
075 per cent. solution of iodine in carbon tetrachloride and 1 cm of a solution on Sante 
: +a 100 g of Cu(NO,),.3H,O in 60 ml of N nitric acid; curve B, 1-5cm of a 1 per cent. w/v — 
Tk “t - aqueous solution of sodium nitrite; curve C, 1-5 cm ofal per cent. w/v solution of potassium > Bas 
chromate in 0-05 per cent. w/v sodium - ees curve D, approximate spectral distribu- ; 


— 
ssler 
ably — 
ning 
ras 
ctor — 
tes) — 
hyl- — 
the 
— 
‘ 
fie t Be 


PARKER “AND BARNES: FLUORIMETRIC DETERMINATION OF BORON 


‘The mercury line at 2-73 p— (366 my) has the advantage that it is emitted by most th 
_ mercury lamps at a greater intensity and, with the borate - benzoin compound, it gives a greater § Pr 
fluorescence intensity per unit of exciting intensity than does the line at 2-47 p-* (405 my), * 

_ It is, however, more strongly absorbed by the excess of benzoin reagent and the concentration + 

- of this reagent has to be more critically controlled. The inner-filter effect due to other trace fo 
impurities (e.g., yellow impurities from cation-exchange resin, if this is used in the separation ind 
a procedure) is also likely to be greater at 2-73 u-! (366 my). Photodecomposition of the fo 

alkaline benzoin solution is greater at 2-73 (366 my) and, although the fluorescence 


spectrum of the photoproducts has a maximum at a greater wavenumber (2: 22 450 my) 
than that of the borate - benzoin compound (2: 07 p-?; 483 my—see Fig. 1), it stiil produces 
a considerable increase in the blank fluorescence observed by the filter fluorimeter. a 


In spite of the lower instrumental sensitivity obtainable with the 2-47 u-! (405 my) s 
mercury line, it was found that adequate intensity could be obtained by using a 250-watt to 
i -compact- source lamp in conjunction with a composite liquid filter (see Fig. 2, curves A and g 


aA _B). Fluorescence corresponding to 0-005 yg of boron could readily be measured with a 931A 

ae photomultiplier and Cambridge spot galvanometer. Interference by the Raman band of the di 

a _ solvent® (2-1 to 2-2 w-) was avoided by using a chromate filter solution (see Fig. 2, curve C) ; 

between the cuvette and the photomultiplier. Reproducible results were obtained under 

these conditions, and, ‘because of the greatly r reduced photochemical a eral inner rar ee effects, 


this line \ was finally chosen for the method. 


OTHER } _NECESSARY PRECAUTIONS 


_ Oxygen produces the undesirable effects mentioned below, even when 

ersible quenching of the | borate -  benzoin ‘fluorescence an and slow irreversible 


(0) ) Oxidation of t the e benzoin to produce absorbing 
) _ Acceleration of the photodecomposition of the benzoin Teagent. 


To obtain reproducibly low blank values it was found n necessary to de- -oxygenate completely 
both the alkaline borate solution and the ethanolic benzoin solution before mixing them; ‘ 


___ The purity of the benzoin was 4s found to have a rs effect on the magnitude of the — 
blank value and on the photosensitivity of the mixed solution. It was necessary to recrystal- 
_ lise the benzoin several times from ethanol (in silica beakers) in a room lit only by yellow §- 
a light, and to store the ethanolic benzoin reagent inthe dark. = 
The fluorescent borate - benzoin compound exists in the solution in equilibrium with — 
uncombined borate ions and benzoin. As a result, the fluorescence of the solution shows a 
marked negative temperature coefficient to 4 per cent. per °C).? Therefore, to obtain 
reproducible results, the fluorimeter cell was situated in a constant- -temperature — main-— 
tained at 20° C, as described later. 
ae In the preparation of the reagents and in the procedure the strictest precautions were — 
annua to avoid contamination by traces of boron. Much trouble was experienced in — 
7 _ attempting to use platinum ware (nearly all of which contains traces of boron) for evaporation 5 
alkaline solutions and for ignition. was devised that did not 
the common elements only zinc, antimony and beryllium are reported to produce 
- fluorescence with benzoin under the conditions investigated by White, Weissler and Busker. 4a 
Under the conditions chosen for the experiments described here the effects produced by zinc, — 
_ antimony and beryllium were less than 1 per cent. of that produced by the same weight of 
boron. Apart from interference caused by reaction with the benzoin, any substance (e.g., 
sodium chloride) in the aqueous-ethanolic "mixture will interfere, if 
_ present in sufficient quantity, — by producing a precipitate in the fluorimeter oe 
source of interference could be removed by distillation of the boron. Distillation as methyl 
borate has been used by many previous workers. As normally applied, it suffers from the 
_ disadvantage that comparatively large volumes of distillate have to be collected and then 
tus evaporated i in the — of a comparatively aes amount of alkali. _ Experience showed 


Ne 

— 

— 

= 


_ procedure was therefore devised. This had the me cmt that the distillation was carried _ 

_ out in a completely closed system, so minimising danger of contamination, and that ethanol © 
could be used in place of methanol, so that an aliquot of the distille 
for fluorimetry without the necessity for evaporation. 

_ In the absence of large anions co r NO;- 
found to be very satisfactory and was successfully applied to the analysis of silicon, fused — 
magnesia and steel. In the presence of chloride, some hydrochloric acid is distilled and must pul 
be neutralised with sodium hydroxide. It was found that approximate results could still be | 
obtained by decanting the solution from the precipitated sodium chloride before fluorimetry. 

The application to high-purity silicon presents a special problem, because the amount of 
sodium hydroxide solution required to dissolve the silicon at atmospheric pressure gives rise 
to an unacceptably high blank reading. In addition, distillation from large amounts of silicic 7 
acid was found to be very incomplete. The hydrothermal ‘method described by Luke and = 
Flaschen* overcomes both these difficulties and was before high-vacuum 


in 0. 05 per cent. w/v sodium 


Fluorimeter cuvettes in constant- block K (both are shown as cuvettes, 
although one, the reaction cell, was of special construction as previously described). — 
For elar ity the constant temperature block isnmotshown 
ue = Housing of G.E.C. 250-watt ME/D compact-source mercury lamp fitted with Chance _ 
4 ON 1-5-cm optical cell cor containing | per cent. wiy aqueous solution of sodium nitrite” 
S = Shutter in primary beam (not visible) ham: 
Fig. 3. . Diagram ¢ of fluorimeter 
_ Advantage can be taken of the high sensitivity of the fluorimetric. cnuean © 02, peg of © 
boron i in 3 ml of water) to determine boron at the part-per-million level in some materials" 
without distillation. For example, in the analysis of sea water it was necessary to take the | be 
equivalent of only 0-01 ml in the fluorimeter cell; the sodium chloride contained in thissmall __ 
amount was not sufficient tointerfere. A simple procedure was thus used, involvingtreatment 
with an resin neutralisation before an aliquot was taken for 'fluorimetry. 
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ARNES: FLUORIMETRIC DETERMIN Pe 
aA Keng As simple. filter fluorimeter was constructed specifically for - determining boron; it is itis 
z ies diagrammatically in Fig. 3. The fluorimeter was built round the fluorescence attachment of a 
a iP == Spekker absorptiometer. The normal cell holder and housing was replaced by a constant- 
2 _ temperature block holding the special fluorimeter cell (of fused quartz) and a rectangular 
a) Spekker glass fluorimeter cell holding the standard quinine bisulphate solution (2 wg per ml in 
0-1 N sulphuric: acid). The constant-temperature block and special fluorimeter cell with 
trap have been described previously.2 Light from the mercury lamp (250-watt compact 
- source) was passed via the glass heat filter (Chance ON20) and lens to the composite liquid 
2 filter for isolation of the 2-47 1 (405 my) mercury line (see Fig. 2, curves A and B). The 
- monochromatic beam passed into the Spekker attachment in which it was reflected vertically 
upwards through the base of one of the fluorimeter cells. The resulting fluorescence was 
viewed through the side of the cell via the secondary chromate filter (see Fig. 2, curve C) by 
- an R.C.A. 931A photomultiplier. The latter was operated by a commercial stabilised 1000- 
volt supply and the photomultiplier output was detected by means of a Cambridge - 
galvanometer (450. ohm) . The method of is described below ow. + iy 
eed eotaind water (the sodium ote was prepared by precipitating sodium hydrogen carbon- 
ate from a solution of analytical-reagent grade sodium carbonate with carbon dioxide te 


“aad 
> yp 


then igniting the sodium hydrogen carbonate in a silica crucible at 270°C). 
Ethanol, absolute—Distilled over sodium hydroxide in a silica apparatus. ae 
Quinine bisulphate solution—A solution containing 2 yg per ml in 0-1 N sulphuric pee 
_ Benzoin—Commercial benzoin was recrystallised three times from absolute ethanol in 
‘silica beakers. The whole operation was carried out in a darkened room lit by yellow safe 
lights. A solution containing 0-5 per cent. w/v of purified benzoin in purified ethanol was 
"prepared and stored in the dark in a silica flask (exposure of the benzoin solution to daylight 
even for short periods was found to produce sufficient photodecomposition to cause high 
_ photosensitivity of the final solution during the measurement of 
‘oa Standard borate solutions—Solutions containing 0, 0-01, 0-02 . . . 0-07 yg of boron » 


A3ml portion 1 of standard borate solution (or 3 ml of de-ionised water or for the blank { test), 
c 1 ml of 0-6 per cent. sodium carbonate solution and 9 ml of absolute ethanol were placed in 


: _ the fluorescence compartment of the special cell by means of silica pipettes. The trap and 
; de-oxygenating tubes were assembled and the cell was placed in the constant- -temperature 


block of the fluorimeter. A 4-ml portion of 0-5 per cent. benzoin solution was placed by means 
of a pipette in the trap and the flow of nitrogen (B.O.C. “white spot”) was begun and main- 


n tained at 30 ml per :ninute for 20 minutes. Towards the end of this period, the “stray” 
a fluorescence (caused by trace impurities in the ethanol or sample, etc.) was measured as 
q ; follows. With the standard cell (containing 17 ml of the quinine bisulphate solution) in 


the beam, the shutter was opened and the galvanometer adjusted to full-scale deflection by 
iv _ Variation of the photomultiplier voltage and galvanometer shunt setting. The borate cell 
was then moved into the beam and the small galvanometer deflection, corresponding to the 

7 “stray” fluorescence, was noted. After de-aeration, the benzoin reagent in the trap was 
allowed to flow into the borate solution, and, after reaction for 10 minutes with nitrogen 
‘still passing, the fluorescence intensity was again measured by reference to the quinine 
1 - Standard. The “reading” corresponding to the “‘stray’”’ fluorescence was deducted from 
the reading observed after reaction with the benzoin, giving the net galvanometer reading 

_ corresponding to the total borate present in the cell. A similar net reading corresponding 
_ to the test in which no borate was added (t.e., the boron reagent blank value) was deducted 
and the final readings were plotted against micrograms of boron added. A linear calibration 
__- Full-scale deflection corresponded to the addition of about 0-08 pg of boron. ‘The “ stray” 
- fluorescence was small under n normal conditions (equivalent to 0-004 A wg 0 of boron). | a Tf the 
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“stray” fluorescence exceeded 0-006 ug ‘the was rej jected and the water and ethanol were 
_ &f re-purified. The net boron blank reading corresponded to about 0-004 wg of boron. Results — 
own & in excess of this figure indicated insufficiently purified reagents. The most frequent cause of ie 
ofa high blank values was found to be either traces of oxygen (owing to insufficient de-aeration) — 


| or exposure of the benzoin reagent to light, the symptom for both causes nl a steadily — 
ular increasing fluorescence reading during exposure to the light in the fluorimeter. — Heipry ee 
PROCEDURE FOR DETERMINING BORON IN HIGH- PURITY SILICON— 
pact i The sample was crushed in a steel percussion mortar and passed through a B.S. No. 72 
quid brass sieve. The sifted sample was cleaned by boiling in two successive portions of analytical-— : 
The reagent grade concentrated hydrochloric acid and washing free from chloride with de-ionised oy 
cally water. It was then dried at 130°C andweighed, 
was — +__—« Lhe boron was separated by reaction of the powdered silicon with dilute sodium hydroxide _ 
») by solution in a small autoclave at 350° C and a pressure of about 350 atmospheres (the hydro- 
1000- thermal method as used by Luke and Flaschen‘). The amount of sodium hydroxide is much 
t | less than that ‘Tequired to convert the silicon to sodium silicate and the effective over- -all 
~ &f reaction is the oxidation of the silicon to silica by water, with the liberation of hydrogen. a 
_ | The silica separates as fine quartz crystals, the bulk of the boron remaining in the alkaline 
ial 4 The autoclaves for the hydrothermal treatment were machined from mild steel to the - 
design proposed by Luke and Flaschen,‘ except that the plunger was left undrilled and no metal © 
liner was inserted. The face of the plunger was polished to prevent it sticking to the silver 


ave . cover disc. The volume of the autoclave cavity was approximately 30 ml. Before each test 
fs the autoclaves were cleaned as follows: 20 ml of water and 5g of analytical-reagent grade 
Le - _ sodium hydroxide were placed in the cavity, which was then covered with the silver disc and — 
ot te the top screwed tight. The autoclave was placed in an oven at 350°C for 2 hours; it was 
ale then quenched for 30 seconds in cold water and set aside to cool to room temperature na 
so shallow water bath. The top was unscrewed, the plunger removed and the shoulder of the — 
light autoclave and the silver disc wiped clean with dry paper tissue. The disc was then pierced 
a h andremoved. The liquid was sucked out of the cavity by means of a polythene tube attached | ia 
Be to a water pump and the cavity was washed with eight successive fillings of de-ionised water. ot 
nor f  _—«, A 20-ml portion of 0-2 per cent. w/v sodium hydroxide solution was transferred to the = 
wal _ cavity and 1-5 g of the purified silicon sample were added. The cavity was covered with a 
baal fresh boron-free silver disc, the threads of the autoclave were oiled, and it was then assembled 
fas before and heated at 350° C for 16 hours. om The autoclave was quenched, cooled and opened a ee 


“one as before, care being taken to relieve the pressure gradually to avoid loss of liquid. The bulk 
test), § of the supernatant liquid was removed from the residue of crystalline quartz and stored in a ae 

pand Tenmnillilitres ot the from the autoclave were transferred to flask A of the distilla- 
ature | tion apparatus (see Fig. 4). The apparatus was assembled and tap T was closed. The flask 
neans § was immersed in liquid nitrogen for 5 minutes, the tap was opened, and the still was then . 
main- § pumped down to high vacuum (less than 10 mm of mercury). _ Tap T was closed, the oe aa 
tray” § nitrogen bath was transferred from flask A to flask B, and flask A was immersed in water at a 
ed as § 60°C. Distillation was allowed to continue until the volume remaining had been reduced to 
on) in § 2ml. The liquid-nitrogen bath was removed, the apparatus was opened to the atmosphere, 
on by § flask A was dismantled and 0-25 ml of 60 per cent. perchloric acid and 10 ml of absolute 
te cell § ethanol were added, with swirling to mix completely. The apparatus was re-assembled and 
to the § distille tion continued as before, after appropriate freezing and pumping, etc., until about 0-5 eS 
p was § ml of liquid remained in flask A. A second distillation was then carried out after the addition 
trogen § of a further 10 ml of absolute ethanol to the residue in flask A. This last distillation was 
uinine § continued to dryness. Altogether, 10 ml of water and 20 ml of absolute ethanol were thus 
from § collected in the receiver. One fifth of this solution was then transferred to the a 
sading § cell, 2 ml of 0-3 per cent. sodium carbonate solution and 5 ml of absolute ethanol were added, 
mding § and the fluorimetric procedure was carried out as described above. A blank test on the same > 
lucted § autoclave was carried through the whole the silicon | 
ration § 


of pure silicon and in eases — amounts - borate had been added to the autoclave ge 
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PARKER AND BARNES FLUORIMETRIC OF ‘BORON: 


before are shown in Table III (see p. 836) and discussed below. obtained 
Pi be samples of silicon containing different amounts of boron are shown in Table IV (see p. 837). 
fe wenty millilitres of sea ‘water were diluted to 200 ml with de-ionised water. Four 
10-ml portions of this solution were passed through a cation-exchange ‘column (Amberlite 
_IR-120 in acid form) 45 cm long and approximately 1-3 cm in diameter. _ The effluent was — 
discarded and a further 60 ml of the solution were passed through the column, from which the — 
~ last 30 ml of effluent were collected for the test. A 5-ml portion of this solution was titrated . 
with 0-1 N sodium hydroxide, phenolphthalein being used as indicator. 
- To asecond 5-ml portion was added the equivalent volume of sodium hydroxide solution — 
and the mixture was diluted to 100 ml with de-ionised water; 3 ml of this solution were trans- 
: a ferred to the fluorimeter cuvette and the fluorimetric procedure was carried out as described 
_ under “Procedure for Preparing Calibration Graph,” p. 8382.00 
_ Results obtained with ie of artificial sea water® and natural sea water are discussed 
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"Silica tube rotated to close tapT 
= Connecting t tube and side-arm of silica 
_ PROCEDURE FOR DETERMINING BORON IN STEEL— 


One piece of sample (approximately 1 g) was etched for a few minutes in hot scaieouae | 
nitric acid, washed with water, dried and weighed. It was then dissolved by boiling under 
reflux in all-silica apparatus with 12 ml of 5 N sulphuric acid. When the solution had cooled, 
| ml of 50 per cent. w/v redistilled hydrogen peroxide was added to oxidise the iron and the 
_ suspension of carbon. The excess of peroxide was destroyed by boiling under reflux for 30 
_ minutes, and the solution was filtered through a small acid-washed filter-paper (Whatman No. 
44), the filtrate being collected in a 100-ml calibrated flask. The reaction flask was washed 
_ several times with 0-1 N sulphuric acid, the washings being passed through the filter-paper, 
which was then washed three times more with the same acid. All the washings were collected 
_ in the calibrated flask and made up to volume at 20° C with water. The filter-paper was then 
washed with ethanol and dried. The filter-paper was fixed in a small platinum-gauze basket 
and burned in oxygen in a stoppered 500-ml silica flask by the method described by Corner.® 
_ The contents of the calibrated flask were poured into the cooled combustion flask and shaken 
4 dissolve any residue. Ten millilitres of the resulting solution were transferred to flask A 
of the distillation en and the borate was distilled as described under “Procedure for 
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SENSITI 


An appropriate aliquot of the distillate was taken for fluorimetric determination, the ethanol - 
water ratio being adjusted as necessary. Saas bib Lo 
_ The reagent blank value was determined by carrying out the same procedure with a 30- mg 
sample of Specpure iron (added only to assist the decomposition of the excess of hydrogen : 
peroxide), the excess of sulphuric acid (i.e., equivalent to approximately 1 g of iron) being 
neutralised with 2 g of sodium hydroxide of known boron content (0-06 p. on m. determined 
fluorimetrically after with ion-exchange resin and distillation). 


uorimetrically after treatme nt with ion-exchange resin tillation 


VITY AND PRECISION OF METHODS 

As with most methods of trace analysis the sensitivity was limited by the magnitude and ~ 


reproducibility of the reagent blank value, which, in turn, varied according to the complexity — E 


analysed. The simple fluorimetric procedure (¢.¢., as described under “Procedure for Prepar- — 
ing Calibration Graph,” which is applicable to aqueous solutions containing salts only up to < 
a limit governed by solubility in the final aqueous-ethanolic solution) was applicable to 
amounts of boron up to 0-08 yg in the 3 ml of aqueous solution taken. _ The blank value ee 
varied between 0-003 and 0-005 yg (5 to 8 galvanometer-scale divisions) according to the batch SE 
of reagents used. With the same batch of reagents the blank value was reproducible to 
+0: 0005 peg of boron. The minimum ‘significant amount of boron in excess of the blank 
reading was thus assumed to be 0-002 pg. At the upper end of the scale, the reproducibility _ 
can be judged from a typical set of results observed for five separate 0-07-ug portions . 4 
boron, namely: 112, 112, 110, 108 and 108 galvanometer-scale é. of 


was s correspondingly reduced. The sensitivity and reproducibility of the distillation rome i a 
can be judged from the results shown in Table II. The deviations from theoretical recovery — 4 4 
were all within +0-012 and —0-014 yg. On the basis of these figures and the reproducibility 
of the blank value, the minimum of boron by the method 


assumed to be about 0-01 pg. 


RECOVERY OF BORON / AFTER ‘HIGH- VACUUM DISTILLATION 


Ten millilitres of a 0-2 per cent. w/v solution of sodium hydroxide containing ‘the — were a mor 
placed in the distillation flask. The direct fluorimetric blank value (0-003 yg of boron) os is 
calculated in terms of boron distilled, was 0-015 pg. Ten distillations carried out with » ty 
added boron gave within the range 0-020 + 0- 003 


Boron added, Boron found, Boron added, Boron found, 


ot corrected for blank value of 0-020 yg. ny 


x __ The method involved the reaction of 1-5 | g of silicon with 20 ml of 0-2 p per cent. w/v sodium 
hydroxide in the autoclave. Owing to the reaction 


1. 9 ml of water were consumed, and the ein was thus concentrated in the proportion —— 
A 10-ml ded to O83 of the mother liquor was taken for distillation and this aliquot thus _ - 


n. However, to determine ne the bi blank value due due to boron either a *% 
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present in the sodium hydroxide solution or extracted from the autoclave during: fesdtion, 
: _ tests were carried out in which the silicon was omitted. To allow for the fact that concentra- 
_ = of the solution did not take place in the absence of silicon, the aliquot taken for distillation 
sin the tests was increased from 10-0 to 11-1 ml, the quantity of ethanol being adjusted accord- 
a ingly. The amounts of boron recovered from six such blank tests (after correction for the 
he fluorimetric blank—0-02 pg in this instance) were 0-017, 0-020, 0-013, 0-023, 0-013 and 0-013 
° 7. The mean value of 0-016 yg, calculated on 0-83 g of silicon, thus corresponded to 0-019 
bk " The mother liquor from the autoclave after crystallisation of the quartz contained appre- 
: ciable amounts of silica, and it was expected that the residue after distillation of the ethanol 
might retain an appreciable proportion of the boron present. Experiments in which borate 
was added to the mother liquor from the autoclave before distillation showed that losses up 
_ to 10 per cent. could occur due to this cause. To correct for this and also for possible loss of 
‘ borate by adsorption in the quartz crystals during reaction, a fresh calibration curve was 
a prepared from the results on 1-5-g portions of a sample of pure silicon in the presence of differ- 
ent amounts of added borate. Many tests were also made on the same sample of silicon, but 
_ with no added borate; ; the results are shown in Table III. Recoveries varied from 82 to 91 


RECOVERY OF BORATE FROM "SILICON REACTION MIXTURE 
tw - Boron added, Boron found, boron in silicon), ed 
0-013, 0-013, 0-018, 0-018, fem, 
= 0-020, 0-020, 0-024 


0-375 


440 


Nore—(a)_ One n microgram m of boron added in the at autoclave corresponds to 0°67 p.p.m. 
() The borate was added before reaction in the 


oe The results on the pure silicon provide a measure of the sensitivity ¢ of the 
method. The root mean square deviation from the mean is 0-009; thus the oS 
95 per cent. confidence value is + 0-018 for a single determination, +0-009 rr: : 

, _ for the mean of four determinations and +0-0045 for the mean of sixteen 


_ determinations. The boron content of the sample used for obtaining the as 
in the Table is therefore 0-011 + 0-005 .m. | 


"per cont. Me The —e calibration « curve drawn 1 through the points had a a slope that was 86 per 
cent. of that obtained by direct fluorimetric reaction. This new calibration curve was used 


- nominal boron contents of these samples were known only approximately. — _ The samples had 
been prepared by “doping” pure silicon with boron and growing a single crystal to make a 
“master” standard containing 30 p.p.m. of boron. This was then diluted successively with 
pure silicon to prepare single crystals of lower boron content. The results indicate that the 
method provides a reasonably reliable estimate of boron content down to about 0-08 p.p.m. 


for the analysis of the samples of silicon for which the results are shown i in Table IV. The | 


Provided that several determinations are made, detection is reasonably reliable down to 
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difficult to judge with accuracy. The finorimettic is more convenient once appar- 
_ f atus has been set up and can be applied to much smaller samples. Its reliability was first 
‘ba: tested with samples of artificial sea water made up according to the specification quoted by Be 
tts Harvey,® but with no borate added. In five tests, the amounts of boron found were between 
‘f+ 0-04 and 0-08 mg per litre. This presumably corresponds to traces of boron present in the — 


o salts used. Toa further volume of the artificial sea water was added borate equivalent to 
ant _ § 5-10 mg per litre. Results for the determination of boron by reference to the standard z 
is _ |] fuorimetric calibration graph were 4-92, 4-92, 4-96, 5-00 and 5-04 mg per litre . The mean 
a value is about 4 per cent. low. ‘a This is attributed to the effect of the sodium salts on the — ‘s 
_ ff dissociation of the borate - -benzoin compound. The effect was confirmed by preparing a new be 
_ &f calibration graph with the artificial sea water to which had been added varying amounts of ae 
_ &f borate. This calibration graph was then used in the determination of the boron contents of a. 
ADEE “the sea water samples shown in Table V. The reproducibility ! for a single determination is — es 


DETERMINATION OF BORATE IN ‘SEA 
Boron content, Mean, a inity 


Arctic (Northern Norwegian 4-13, 


= 


ll Sea (near ‘mouth « of Gulf of | a, 
Suez, October, 1958) 2 


| 3 The method is satisfactory for levels at which small amounts of boron are normally — 
required to be determined in steel (¢. é., , about 5 5 p.p.m. and greater), as eens by me results. a 


METHOD FOR ‘MILD STEEL— 
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shown in Table VI. With the lower boron contents could have 
3 been determined, a limit of about 1 p.p.m. being set by the magnitude of the reagent blank 
ae value (1:3 + 0-2 p.p.m.). The magnitude of the blank value is much greater than _ 


in 


‘tani 


bea’ 


(a) In the absence of interfering elements, direct fluorimetry provides a rapid method br 
ss for determining boron in the range 0-01 to 0-08 yg. . The limiting sensitivity is 0-002 yg. yee Ee 
(0) Traces of borate can be separated quantitatively from large amounts of ions forming § * 
 ethanol-soluble perchlorates (e.g., sodium and magnesium) or sulphates (e. by high- 


vacuum distillation. The limiting sensitivity is about 0-01 yg of boron. bers 
‘ae _(c) Boron in silicon can be determined down to less than 0-1 p.p.m. " The limiting sensi- 


(ad) The fluorimetric method for sea water is more reliable than the conventional method 
‘and ca if necessary, be applied to very small samples (0-01 nou aruda 

ee (2) ‘Boron can be determined satisfactorily in | steel containing 5 p.p.m. or more. The 

‘ limiting sensitivity (about 1 p.p.m.) is governed by the magnitude of the reagent blank value. ~ 


It could probably be reduced considerably by purification of the reagents and materials. al 


We thank Mr. P. Gurnell of the Services Electronics Research Laboratory, who supplied © 
Beane v2 of boron- a silicon, and Dr. R. A. Cox of the National Institute of Cocmnet 
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i ue bly be achieved by purification of the sulphuric acid and the filter-p 
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INFLUENCE ON THE DETERMINATION OF MILK- SOLIDS-NOT- FAT rae ee 


AFTER examining many samples of liquid milk in the years 1881 to 1888, Vieth!* noticed that 
| proportions « of ash, protein and anhydrous lactose were approximately in the ratio 1 bsp 5 to 6; 
subsequently,? he stated that the ratio 2 to 9 to 13 was more exact. These later figures are > quoted 5 , 
in standard text-books* and are used as a basis for ‘calculating the amount of non- fatty milk “ 

solids in ice-cream and dairy products. In the absence of interfering substances, non- fatty milk | a 
solids are derived by multiplying the anhydrous lactose content by 24/13 or the protein content by 
ag "When we applied this principle to the calculation of non- fatty milk solids in ice-cream samples >. 
of known and unknown composition, the results obtained by using the two factors generally dis- 
agreed, and, as New Zealand milk powder was an ingredient of most of the samples, twenty-two 3 : 


such age send were examined. 4 The ferrite were taken at random from different deliveries i in the 


je potessium ferrocyanide solutions’; protein was determined by the Kjeldahl — i 


aia Anhydrous lactose -70 (standard deviation 0- 14) 7 

thod Protein .. 10°25 (standard deviation 0-15) 


> - is clear that the commonly accepted values of ‘the Vieth ratio do 1 ‘not tee to these New i 
Zealand skimmed-milk powders, and for most of these products, Vieth’ 's original ratio is much nearer 
the truth. _ However, a small | proportion of powders was abnormal. In the routine examination 


average of the values found; this gives a ratio of + parva lactose to protein to ash of 11-55 to 
Compo osITION OF NON-FATTY MILK SOLIDS ‘yl 
j If these values are used instead of the of the Vieth ratio, the factors 
for calculating 1 non- fatty mill solids from lactose or Protein | ‘become 24/11-55 or r 24/ 10- 40, re 
-Spectively.— 
protein and ash. lt therefore excludes minor constituents, such as | citrates, which should 
included, and also ignores water of hydration present in the lactose. 
Recently ‘published evidence® states that the water of crystallisation of hydrated lactose is 
lost slowly at 100°C. This contradicts earlier evidence,®:1° which also states that, when solutions — 
- of lactose and milk are evaporated to dryness by heating on a bath of briskly boiling water, — x 
_ frequent stirring, the residue is anhydrous lactose. It is pointed out, however, that the removal of “ 
water of hydration is not complete. More recently, it has been stated! that hydrated on 
crystallises from water below 94° C, whereas anhydrous lactose crystallises above this temperature. =o 
Since the temperature of the contents of a dish on a bath of boiling water is usually less than 94° C, 
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order to resolve : these contradictions, hydrated lactose v was for up 7 in both an for 
ae air oven and a vacuum oven regulated at 100°C. In neither instance was any loss in weight de- fa 
tected, and chemical assay of the residues confirmed them to be hydrated lactose. Also, when | 
~ solutions containing known amounts of dried hydrated lactose were dried on the water bath and § 29 
‘in the air oven, no loss in the original weight of ‘the lactose was detected. It was conc luded that 1] 
the lactose was present in the hydrated form, and chemical assay again confirmed this. This § ™ 
_ drying experiment was repeated with spray-dried skimmed-milk ‘powder; only a slight loss in ar 
: _ For these reasons, we consider that the term ‘“‘non-fatty milk solids” should include the “ae in 
of hydration of the lactose. — By defining non-fatty milk solids in milk powder to be 100 — (per- te 
centage of fat + percentage of moisture), it was found that, for the twenty-two milk powders wi 
a _ examined, the proportions of non-fatty milk solids, anhydrous lactose, protein and ash were in the § T¢ 
a ratio 25-25 to 11-55 to 10-40 to 2-05. This relationship has been applied successfully over a long § i? 
a My period in the determination of non-fatty milk solids in samples of ice-cream containing New Zealand § 
milk powder. A single sample of English spray-dried milk k powder gave a corresponding ratio of § W 


5 th In the absence of interfering substances, non- fatty milk - solids in ice-cream and other dairy 


- products containing New Zealand skimmed-milk powder can be calculated by multiplying the H 


anhydrous lactose content by 25-25/11-55, 7.e., 2-18, or the protein content by 25-25/10-40, i.c., 

‘oie We thank the Boards of Unilever — and T. Wall & Sons (Ice Cream) Ltd. for p permission to 
publish thisNote. 
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A MODIFIED CAVETT METHOD FOR THE DETERMINATION OF ALCOHOL IN BODY 
he 1954, Kent- — and Taylor! reported the results of the Analytical Committee of the British 
Medical Association appointed to consider methods of determining alcohol in body fluids. Two 
methods were considered in detail; it was found that the micro Cavett method was the more 
accurate, but that Kozelka and Hine’s method was the more precise in reproducibility. The Cavett 
_ method, which is simple and labour- ~saving, suffers from the defect that traces of foreign matter 
_ may affect the results, and, in practice, major and unpredictable inaccuracies arose in some 
_ laboratories. _ For this reason, we in the Metropolitan Police laboratory adhered to the more §f 
arduous and costly Kozelka and Hine method. _ It became obvious that the increasing volume of | 
_ work would overload the capacity of the laboratory if this method was used, and, accordingly, the 
Cavett method was investigated in an effort to improve its reproducibility. The main causes of 
‘ = in the original method are causes inherent in micro methods and render such methods some- 
what unsuitable for use in a routine laboratory performing large numbers of analyses. Attempts 
; “were made to adapt the method as a macro method, but it was found that, under these conditions, — 
the end- of the titration with the ‘‘red fluid’”’ was obscured by the chromium colour. It was 


ove 


4 
t 
id 
AL i 
ao 
a — 
— 
ag 


ef Preliminary experiments showed that a solution of potassium dichromate in 50 per cent. v /v ee 
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found that imeiion with sodium thiosulphate solution i in p presence of | potassium iodide g gave satis- 
factory and consistent results, so this was adopted in place of titration with “red fluid.” 


1 hour at 70° C, 8 hours at 37° C and in a variable time (12 to 24 hours) at room temperature. The 
most suitable temperature for the test was chosen as being 37°C. - Since this temperature is 
arbitrary and the results are not affected by comparatively large variations, it is not necessary to 
use an elaborate thermostat; any insulated cabinet heated to about 37° C is suitable. _ We use ea 
inoperative incubator, inside which is suspended a 100-watt electric-light bulb that ‘maintains a ar 
temperature of 35° to 38°C day and night without attention. In place of the Cavett unit, a 
wide-mouthed squat 16-ounce specimen jar with a metal screw- cap was adopted as being cheap and 
readily available. The dichromate solution is placed in the jar, and the body fluid is measured — 
into a 5- to 6-cm Petri dish supported in the jar by a glass triangle on 1- to lj-inch glasslegs. zp 
_ When these conditions were used, we found that variable and significant losses occurred, which a 
were traced to “breathing” of the apparatus through the waxed-paper washer while warming in the eK aa 
incubator. To prevent this, the mouths of the jars: were ground | and a circular ground- glass — ; 
was cut to fit the cap, the paper washer being retained to prevent strains on the plate. When i 5 
this modified procedure was used, it was found that the precision of the method was equal to that of are 
the original Cavett method and the reproducibility was better even than that of the Kozelka and a 
Hine method and appeared to be limited only by the accuracy of measurement of the various — Ke 
used. Records of unselected consecutive duplicate determinations by ten operators of dissimilar Sie 
experience and skill showed the degree of variance given below. 


> 0-20 


Difference, as mg of ethanol per 100 ml of — 


nol ml 
Although t these results, as were all obtained i in one may 1 not be strictly en compat, 


Difference between duplicate titres, ml 00 0-05 


It should be borne in . mind | that, a: as in the Cavett andl all similar methods, the presence of any 


volatile reducing substance affects the results, and care must be taken not only to ensure the abso- 

lute cleanliness ot the apparatus, but to ascertain whether or not acetone, ether, r, salicylic ogee 
iy 


Jars—Wide- -mouthed squat 16-ounce jars, with grourid tops and screw-caps; 
caps are fitted with circular ground-glass plates. . Jars and plates can be obtained from Aimer 


Products Ltd., Camden Road, London. Reg 
Glass triangles supported by 1- to 1}- “inch legs. 
Incubator or  cabinet—Temperature controlled to approximately 37° 


Potassium: dichromate solution—Dissolve 4-9 g of potassium dichromate in 1 litre of per 


4 Sodium thiosulphate, OLN. Him 
Starch solution—Prepare a 1 per cent. solution of soluble starch. +: 


Pe ss in the jar, and stand a Petri dish on the triangle. 33 Accurately 1 measure 2 ml of the body | 
fluid into the Petri | dish, cover the jar with « a | ground- glass plate, screw on the : cap, and place in an gf 4 
- incubator. After not less than 8 hours, remove the j jar, allow it to cool, and remove the cap, plate 
and Petri dish. f Rinse the legs of the triangle into the contents of the jar, and dilute these chet 
to > about 12 ounces with distilled water. Add 2 g of solid potassium iodide, and stir well ae 
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‘continue the titration n until colourless. out a determination, omitting ‘the t body ‘fluid, 
_and calculate the concentration of alcohol in the sample (in milligrams per 100 ml of body fluid) 
by multiplying the difference (in millilitres) between the blank and sample titres by 57-5. 
_ Normally, we prepare the jars la: last thing at night, leave them in the incubator overnight and 
Lonpon, S.W.l Recéived June 27th, 1960 
= APPLICATION OF THE TOTAL ORGANIC CHLORINE METHOD TO THE liber 
ENDRIN AND RESIDUES IN BLACKCURRANTS 


a2 Tae methods described by Sergeant and Thompson for the extraction, separation! and determina- 
_ tion of chlorinated hydrocarbon pesticide residues in plant material have been applied directly to 
F endrin in blackcurrants. _ The recoveries of 0-98 p.p.m. of added endrin were 0-94 and 0-96 p.p.m. 
— 4.e., 97 per cent., , but at a aan level, 0-49 p.p.m. of added endrin, the recoveries were 0-39 and 


Thiodan, 6:7:8:9: 10; 10-hexachloro-1 ; 5: 5a: 6: 9: 9a-hexahydro-6 ; 9-methano-2 : 4; 3- -benzo- 


| dioxathiepin- -3-oxide, I, an insecticide developed in Germany,’ has been examined in the United — 
-Statest * and elsewhere for use on edible crops. Technical thiodan contains two stereoisomersof 
similar insecticidal activity, thiodans A and B, present in the ratio of approximately 4 to l. “Tt 
also contains a variable, but small, amount of thiodan alcohol,‘ II, which is also the initial metabolic. 
-down Product of thiodan; this alcohol | contains no sulphur and is -toxic. 


~, 


i Chemical methods for determining thiodan residues, based on the determination of sulphur®* J | 
or chlorine,5 have been described; the former methods have the advantage of measuring only the aa 
toxic residue ascribable to unchanged thiodan, since any thiodan alcohol present will not be in- 
cluded in the result. This Note ilescribes the application of Sergeant’ s method, modified in ‘that 
_ the separation of thiodan in the extracted residue from thiodan alcohol and from interfering sub- 

_ stances of plant origin is achieved by elution from activated alumina with benzene in place of 
hexane. In operation, the column is run “blind”; the preparation of the alumina is therefore 
Standardised, and the solvents used must be dry. 


_ Extract 100; g g of strigged blachcurrants with a mixture ot 100 ml each of acetone and hexane 


(boiling range 68° to 69° C) or light petroleum (boiling range 60° to 80°C). Wash the extract, and 
concentrate it to about 1 ml of hexane as previously described. Prepare activated alumina by 
- heating aluminium hydroxide at 700° C for 8 hours, cooling and adding 5 per cent. of water. Pre- 
_ pare a column from 20g of activated alumina slurried with benzene, cover with a 1-cm layer of 
oa anhydrous sodium sulphate, and wash with 20 ml of benzene. (The benzene should be © 
dried by heating under reflux with sodium and then by distillation on to sodium. ‘¥ Place the concen- | 
trated hexane extract on the prepared column, wash it in with 10 ml of benzene, pas reject the first 


(10 ml of eluate. Continue elution at the rate of 2-0 to 2 -5 ml mm: saad , adding a further 20 ml of i 


The common name chlorthiepin has recently been approved for inclusion in British | Standard 1831: 
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RECOVERY OF THIODAN ADDED TO BLACKCURRANT aad 

| benzene to the column and collecting the next 20-ml fraction. Add 2 drops of liquid paraffin, and — 

| remove the benzene from the fraction by onsporation: in a stream of dry air at 40° C. Determine : 


| the total organic chlorine as described previously 
_ A further 40 ml of benzene passed through the cole failed to elute thioda dan alcohol when 

180 of this compound | (prepared from added as 


Technical thiodan assayed at 95-7 per cent., as CgH,C1,0,S. When a column of alumina 
used as described above to remove the thiodan alcohol, ‘the thiodan c content was found to be 92- 5 a 


per cent., so that the technical material contained some 3 per cent. of thiodan alcohol. | The 5 e. 
recovery of technical thiodan added to blackcurrants is shown in Table I. yak q 


Sergeant, G. A., Analyst, 1958, 83, 335. 
2 Sergeant, G. A., and Thompson, P. B., Ibid., 1959, 84,251. 
Lindquist, D. A., and Dahm, P. A., J. Econ. Ent., 1957,50,488. 
D. A., Fairchild, M. L., Dahm, P.A., and Gurland, J., Ibid., 1950,52,102, 
oF SCIENTIFIC AND INDUSTRIAL RESEARCH Shia Whe 


FIELD TEST FOR NITROBENZENE VAPOUR IN AIR 


described methods the detection and determination of nitrobenzene : 
air have depended on the further nitration of the compound and then colorimetric determination | 
of the resulting dinitrobenzene, on reduction to aniline and then diazotisation and coupling** or 
on polarographic determination of the nitrobenzene, which is trapped in ethylene glycol. _ How- 
ever, none of these methods is a field test, since all require heat and other laboratory resources. pe oe 
-_It was considered that a satisfactory method could be based on reduction to aniline, as in a 


§ method recommended by the International Union of Pure and Applied Chemistry,’ provided that py 


reduction could be & in the cold. Gordon® described a qualitative test for: nitrobenzene 
coupling the resulting aniline, after diazotisation, with 2-naphthol. i - This method of reduction. has 
been found to give satisfactory quantitative results when applied to solutions obtained by trapping — 
nitrobenzene vapour in Cellosolve. No alternative method of determining aniline was entirely 

satisfactory under the conditions of this test. Hydrolysis of the diazotised aniline to yield eos. 
and then addition of Gibbs’s reagent (2: 6-dibromoquinone-chloroimide) to produce a blue colour - © 
is about as sensitive as coupling with disodium 2-naphthol-3 : 6-disulphonate (R salt), but heat is — 
needed and the procedure is no less complicated. Condensation with furfural or p-dimethylamino- 
benzaldehyde, although simpler, is considerably less sensitive. Acidified solutions of nitrobenzene | 
in Cellosolve can be reduced electrolytically at the zinc cathode of a simple cell by applying an ae 
e.m.f. of 1-5 volts supplied by a dry battery, but this mode —— was ‘not recs as it is 
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The 


for 
Bubbler—This should be of all- -glass construction. The solvent container should be 9 cm deep - 


i= and 1-3 cm in diameter, with a centrally blown bulb of diameter 2 ‘5 cm. The internal diameter of 
: . Pump—A metal hand-exhaust p pump of capacity 120 ml o ora ‘mechanical pu pump capable of 
giving the correct rate of sampling (1500 ml per minute). Sec 
u, a _ Trap—A suitable trap consists of a wide-necked bottle of capacity about 100 ml fitted with a _ 
2 -hole bung and delivery tubes and connected between the bubbler and the pump. 
Tubes—Four 3-inch x l-inch specimen tubes; 
> we For use in the field, the apparatus may be mounted i in a wooden case ase approximately 15 inches 
x 4inches. Such a case also storage ‘space for the reagent bottles and 


All reagents should be be of re recognised ikl grade. 

od 


{ : 49 Hydrochloric acid—Dilute 5 ml of concentrated hydrochloric acid to 100 ml with water. 
ss Sodium nitrite solution—Dissolve 3-5 g of sodium nitrite in 100 ml of water. - ‘The solution 

en: R salt solution—Dissolve 0-8 g of the pada ‘sodium salt of 2- -naphthol- 3: 6-disulphonic acid of 
- in 100 ml of boiling water, adjust the pH to about 8 (7-5 to 8-5) by adding M sodium carbonate, § tic 
_ cool to room temperature, and filter. This reagent should be stored in darkness, and the solution § gh 
should not be kept for longer than 1 month. 

_ Ammonia solution—Dilute 20 ml of ammonia solution, sp.gr. 0-880, to 100 ml with water. ff 

_ The reagents listed above can conveniently be stored in and dispensed from bottles — Bi 
stoppers fitted with suitably graduated dropping pipettes. TAMER, 
«Liquid zinc amalgam—Add 6 g of — zinc to 300 g of mercury and 5 ml of 20 per dent, 


v/v sulphuric acid. Stir, set aside for 2 2 hours, transfer to a separating funnel, and wash three 2 

times with dilute sulphuric acid. | This reagent should be kept under a layer of dilute sulphuric ~ 

acid and can conveniently be stored in and dispensed from a small polythene wash-bottle. — i? i 

; Colour standards—Dissolve 1-000 g of potassium dichromate in 1 litre of water; this is solution 

7 A. Dissolve 70-26 g of cobalt sulphate heptahydrate in 1 litre of water; this is solution B. Prepare 2 

the standards by placing in 3-inch x 4 -inch specimen tubes the amounts A and B 


b 


Ain Water i in 


ae In the clean dry bubbler place 2 ml of Cellosolve, and | connect the bubbler to the pu pump via the 
_ trap. Take a 6-litre sample of the air being tested at the rate of 1-5 litres per minute. (If the hand 
_ pump is used, 50 strokes at a rate of 5 seconds per exhaust stroke are needed.) Detach the bubbler, 
_ and add to its contents 1 ml of liquid zinc amalgam and then 4 ml of hydrochloric acid. Close the 
- bubbler with a stopper, and shake vigorously for 1 minute. By means of the 5-ml teat-pipette, 
transfer 5-0 ml of the aqueous layer to a clean dry specimen tube, taking care to avoid any trans- | 


ference of sin zinc amalgam am. Ac Add 0-5 ml of sodium nitrite solution, shake — to mix, and set aside 
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for 2 minutes. Add 2 ml of sodium carbonate solution, and then en immediately a add 0: 5 mi ot R salt 
solution. if Shake to mix, add 2 ml of ammonia solution, shake again, and compare the colour of the * 
solution with those of the colour standards. Alternatively, compare the colour of the solution | 


with those of standard glass discs prepared for this test by Tintometer Ltd., Salisbury, Wilts. __ -. 


limits 0-5 to 2-0 p.p.m. v/v by increasing or decreasing the size of the sample . The precision of the — 
determinations | is about £20 oe cent. A complete determination, , including sampling, takes 


be _ The vapours of certain . other aromatic nitro compounds and primary an amines, if present, a 
presumably interfere; if aniline were present it could be determined before and after reduction, the _ ae 
The colour standards ‘were: prepared by matching various ‘mixtures of ‘the inorganic salt 
ue | solutions against the solutions resulting from determinations carried out on standard atmospheres. ¥ ox 4 
water, ff of nitrobenzene; the atmospheres were produced by feeding an ethanolic solution of nitrobenzene — . 45 3 
ic acid of known concentration from a ram-operated syringe into a metered stream of air. The concentra- 
tions of nitrobenzene in the atmospheres were verified from time to time by trapping in ethylene ae 
lution § glycol and carrying out polarographic determinations. The inorganic colour standards are suffi- _ 


° 
=] 


> tons ‘The efficiency of the bubbler, as established by comparison | between results for standard | es 
ann ‘i wa and for standard solutions of nitrobenzene in Cellosolve, is about 85 per cent. at a 

h mee sampling rate of 1500 ml per ‘minute. _ Minor modifications, ¢.g., y., the use of a capillary delivery — 

P wea tube, have ‘not produced any marked change in 1 efficiency. The use of two bubblers in series is a 

waaed not desirable in a field test; the method of calibration allows for an efficiency of 85 per cent. ‘hiner , 


oi = Absorptiometric comparisons between the colours produced by standard solutions of aniline 
___ & that had been subjected to the entire procedure and those formed by equimolar standard solutions 
of nitrobenzene have shown that the reduction of amounts of nitrobenzene up to at least 12 2 Hg 
vie y shaking with liquid zinc amalgam under the conditions described is substantially complete. 

_ This Note is based on work carried out on behalf of the Committee on Tests for ToxicSubstances ~ 


pes in Air and the Ministry of Labour and is published by permission of the Department of Scientific — ; oe 


Yo | and Industrial } Research. aif I thank Mr. C. O. Harvey and Dr. D. I. Coomber for advice and criticism. “a , 
exw 


tion, Interscience Publishers Inc., London and New York, 1949. 
Strafford, N., and Harper, D. A., J. Soc. Chem. Ind., 1939,58, 1697. 
International Union of Pure and Applied Chemistry, ‘ ‘Methods for the of Toxic 

Substances in Air,”” Butterworths Scientific Publications, 


sang 4. Strafford, N., Strouts, C. R. N., and Stubbings, W. V., Editors, ‘The Determination of Toxic Sub- 


via the § cane stances in Air: A Manual of I.C.I. Practice,’’ W. Heffer & Sons Ltd., Cambridge, 1956. esr. 
hand Gordon, B., Neft. Khos., 1938, 19, 52; Chem. Abstr, 1939, 33, 0576. 
ubbler Gage, J. Cc, Sci. ‘Tnstrum., 1953,30,25,. man 
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7 _ from the mixed nitrate solution with sodium carbonate solution, and a method was required for 


7 _ oxide coating of used cathodes. Schuhknecht and Schinkel" have described a flame-photometric | 
_ method involving use of an instrument of fairly high wavelength selectivity and utilising the well | 


s 


oa the cathodes of certain types of valves. tee A typical method of manufacture is by precipitation 


determining the co-precipitated sodium impurity in manufactured carbonate mixture and also in the 


known depressive effect of aluminium on calciumemission. 
ep 


object of our was to develop a method for for use with a filter instru- 


55 per cent. « barium carbonate, 41 per cent. of strontium carbonate and 4 per cent. of calcium 

~ Initial experiments with sodium-free solutions of calcium, barium and strontium confirmed 
‘eat all three elements caused serious interference with emission from sodium. al Attempts to sup- 
aa this interference by adding aluminium _ showed little promise, and a ‘method in which the 


alkaline-earth metals were removed by precipitation wes ammonium carbonate solution was 


“ata The theoretical disadvantage of the proposed method was the possibility of low recoveries, 

owing to co-precipitation of sodium. To check this possibility, a small amount of sodium-free 
a “triple carbonate” was prepared from manufactured material by re-precipitation three times with 
-ammonium carbonate solution. Equal weighed amounts of these dried carbonates were placed 
in small beakers, and known amounts of sodium were added. The carbonates were dissolved in a 
minimum volume of dilute nitric acid, the solutions were diluted to about 5 ml, and the alkaline- 


investigated. 


_ earth metals were re-precipitated with a known volume of ammonium carbonate solution. The 
_ insoluble carbonates were removed by centrifugation, the supernatant solutions and washings 


(after dilution to a definite volume) were sprayed into an E.E.L. flame photometer, and the scale 
_ readings were noted. The instrument was previously adjusted to full-scale deflection with use of 
i the sodium filter and a solution containing 10 p.p.m. of sodium and the same amounts of nitric 
acid and ammonium carbonate as were present in the test solutions. _ The zero deflection was ont 
by “using the same amounts of acid and ammonium carbonate, with no added sodium. _ psu A a 
oe Three series of solutions were examined. One series contained 0-25 g of sodium-free “‘triple 
_carbonate,”’ to which were separately added 0, 50, 100, 150, 200 and 250 ug of sodium, as a 0-01 
per cent. cuhetion of sodium chloride; the second series contained 0-025 g of “‘triple carbonate” 
and the same » added amounts of sodium, and the third s series contained only the added amounts of 


__ _These results indicated that no significant co-precipitation of sodium occurred when 1 up to 
0-25 g of “triple carbonate’’ was precipitated under the conditions stated. Further, they showed 
that the separation of alkaline-earth metals was penny complete, as there was no increase in 


oe . of smemtnente 0-005 per cent. This was considered to be sufficiently sensitive for our 
‘inal vam although the useful limit could probably be decreased by using larger samples and smaller 


‘Dissolve a a eultable weight of alkaline-earth ca carbonates or oxides of 


BN nitric acid, , and dilute the solution to about 5 ml with Coatnentes atom 7 (The weight of 
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Warm, the solution to about 60° C, add 2°5 ml of a 10 per cent. aqueous solution of Px Ma 
oating reagent grade ammonium carbonate, cool to room temperature, and set aside for 5 minutes. Sepa- — 


tation @ te the precipitate by centrifugation, wash it with cold water, and combine the supernatant solution 
ed for @ 224 washings in a 100-ml beaker. Boil this solution to expel carbon dioxide, cool, dilute to 25 ml, _ 
in the  2"4 spray into the flame of an E. ELL. flame photometer previously set to full-scale deflection by | 
using a standard solution containing 10 p.p.m. of sodium and the same concentrations of nitric 
acid and ammonium carbonate as are present in the test solution. an Set the instrument to: to zero by 
‘2 4 ——- a a solution containing the same amounts of reagents, but no added sodium. a 


Te ' the results obtained when solutions containing 0, 2, 4, 6, 8 and 10 p.p.m. of sodium and the same © 
aa amounts of reagents used in the sample treatment are sprayed “+to the instrument. (This pro- i 
as cedure compensates for the sodium content of the reagents, which normally corresponds to a scale Ae 


ee ~~ The : sodium content of a sample of “triple carbonate” was determined four times vii the pro- ari 
posed procedure, and three further determinations were made after different amounts of sodium <, 


§ had beenadded. A (25- “mg postion ¢ of the sample was used in each determination ; » mie ults were— 


ich the Sodium added, Nil 20 40 

overies, 
um_-free The velams of each used was as 25: m! 
es with of _ Deflection in presence 
placed Sodium — 
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‘bonate” W., and Schinkel, H., Z. anal. Chem.., 1954, 143, $21. 
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fETRIC DETERMINATION OF TRIPHENYLTIN ‘RESIDUES 

_ et ‘TRIPHENYLTIN acetate has been introduced commercially as a fungicide, e.g., in controlling « celery- — 
ss leaf spot (Septoria spp.). The pure compound is a white micro-crystalline solid and melts at 
2 sodium § 124-5° C; it is insoluble in water, but soluble in the common organic solvents. Oral administration 
e for our§| to rats showed an LD,» of 125 mg per kg of bodyweight; a daily administration of Op. p.t “a 
d smaller § retarded growth, and a strongly cumulative effect was observed. j= 
he; eei] a al The expected increase in the use of this fungicide, together with its rather high toxicity and 
hae its persistence, necessitated the development of an accurate method for determining residues on 
Yoke a e crops. Polarographic! and colorimetric? methods have been described and involve extraction, 
purification and destruction of the tripenyltin acetate. An alternative method is reported here 
olume of and is based on direct determination of triphenyltin acetate, so avoiding the rather laborious eS 
weight of destruction of the compound. P ceanees and Cremer’s — which dithizone was used as a ey 


=. 


— 

a 

ae 

hig 
a 


for triethyltin compounds, has applied. of: the: triphenyltin - dithizone 
complex closely resemble those of the triethyltin - dithizone complex, and the absorption spectra 
_ of the two complexes are similar. It can be seen from Fig. 1 that maximum absorption for the 
_ triphenyltin - dithizone complex is at 450 my and that the complex has the same merci. as 


The sample of plant material is extracted with methylene chloride to ‘remove ve di 
acetate, the extract is evaporated to dryness, and the residue from the evaporation is dissolved in 10 
- chloroform. | Interfering cations, e.g., cupric, ferric, lead and stannic, are removed by shaking the § 
chloroform solution with a buffer solution (pH 8-4) containing ethylenediaminetetra-acetic acid. § 
A solution of dithizone in chloroform is then used to determine the tin compound quantitatively. th 
_ The determination of triphenyltin compounds in plant extracts necessitates thorough purifica- - 
. 4 ion of the extracts, as other extracted materials inhibit formation of the complex. Treatment with at 
Brockmann’s alumina (after being heated at 1000° C for 1} hours) plus 3 per cent. of added water = 
is used for this purpose; the alumina completely adsorbs the inhibiting substances, leaving the § ™ 
“triphenyitin acetate in solution. (Diphenyltin compounds, which may be present in the solution al 
= interfere with the colorimetric determination, are also adsorbed.) _ If much chlorophyll is of 

_ present in the extract, it is not completely removed by the column of alumina, but the addition to 
the column of a small layer of infusorial earth ¢ ensures complete adsorption. py 
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— 
‘Fig. Absorption spectra of dithizone and the triphenyltin - 


complex: curve A, 67 yg of dithizone in 10 ml of chloroform; curve B, 67 yg of 
_ dithizone and excess of triphenyltin acetate in 10 ml of chloroform. Optical — 


_ Chloroform—Shake 1 litre of laboratory-reagent grade chloroform with 75 ‘ml of an aqueous 
65 per cent. solution of sodium phenate, wash with water, and distil. Discard the first and last 
4) 2a lumina—Heat Brockmann’s alumina at 1000° C for 14 hours, allow to © to a ina desiccator, 

and add 3 per cent. w/w of water before use. 


: —~Buffer solution, pH 8-4—Dissolve 19 g of aac tetraborate decahydrate, 12 g of boric acid 
and 2-5¢ of disodium ethylenediaminetetra-acetate in water, and dilute to llitre. 
Dithisone a 0- 004 cent. w [vs solution of in chloroform. 
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‘Extract 150 g of celery with 300 ml of methylene | chloride. Place 10 to 50 ml of extract in a ts 
100- ml beaker, and remove the solvent by evaporation at room temperature. _ Dissolve the — i 
residue in 6 ml of chloroform, and dry the solution over anhydrous sodium sulphate. . 
% Partly fill a chromatographic tube apne diameter 5 mm) with chloroform, add 0: 5g of 


freshly prepared column of alumina immediately after the chloroform layer above the alumina has — 
disappeared. Discard the first 1-ml portion of eluate, and ‘collect the next 3 ml in a 
10-ml cylinder fitted with a tap and a glass stopper. 
To the contents of the cylinder add 5 ml of buffer solution, shake for 1 minute, add 2 ml of 
dithizone solution, and shake for a further 1 minute. Allow the layers to separate, and sen 


the chloroform layer to a 1-cm cuvette. 


_ Measure the optical density of the chloroform layer from a similarly treated - reagent blank 8 

at 610 my, and use the chloroform layer from the fongickde-containing sample as reference solution. — 

as Note that chlorophyll, present in the eluate from the column, may interfere with the determina- ety. 

tion. It can be easily removed by placing a small amount of infusorial earth on the top of the | 
alumina; it is advisable to apply pressure to the top of such a column to aw convenient flow — 


Prepare a standard chloroform solution containing 20 of triphenyltin 1 acetate | per ml, 
and use this standard to prepare solutions containing from oO ‘to 60 ug of triphenyltin acetate in pe 


Known amounts of triphenyltin acetate added to extracts of celery that on not been treated — 
with this fungicide were recovered by the proposed method, all eee baa being made 
with a Unicam SP500 the results were— 


‘Triphenyltin acetate 

The method is sensitive to about 0-1 p. pt m. of triphenyitin acetate. 


le thank Professor G. ei M. van der Kerk, , Utrecht, for kindly providing us with pure — 


of triphenyltin acetate and Drs. E. J. Miller and N. A. Smart, of the Plant Pathology Laboratory, 

Harpenden, for tl their valuable advice in in preparing the m manuscript for for publication. de 


gb Bock, R., Gorbach, S., and Oeser, H., Angew. Chem.,1958,70,272. 
2. Birger, K., Report of the Farbwerke Hoechst A.-G.,Gendorf, 1958. 
Aldridge, W. N., and Cremer, J. E., Analyst, 1957,82,37, 
4. Horwicz, Wie Editor, “Official Methods of Analysis, ” Eighth Edition, The . Association of Offici - 


DETERMINATION OF CONCENTRATIONS OF ALUMINIUM, AND 


A METHOD for determining trace amounts of aluminium and other impurities has been described?!; 


the aluminium was precipitated, together with a known amount of lanthanum as carrier, by ammon- be : 
ium hydroxide and hydrogen peroxide. The hydroxide precipitate was then dried, ignited at a 
1000° C and examined by d.c. arc emission spectrography. The concentration of aluminium was - 
determined by measuring the logarithm of the intensity ratio of the aluminium line at 2568-0 a s : 


to the lanthanum line at 2855-9 a and reading the concentration from a OS curve prepared 
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been in routine use in this laboratory for several years for examining samples of magnesium, cal- 
cium and thorium During 1 this period, , five additional facts been ascertained. 

yee @ Nitrate c causes precipitation. of lanthanum to be incomplete; because « of this, lanthanum 


removal of organic nitrate must be removed by to fumes. 


a sthongiy acid solution and then adding a saturated solution of ammonia; generally, 30 ml of 
concentrated hydrochloric acid are added just before precipitation. If a large weight of 
_ Magnesium (10 g) is being examined, 10 g of ammonium chloride are also added, and more 


pi 
(iii) To avoid the necessity of ‘continuously drawing working graphs, a permanent one 


. pr: can be plotted from the results obtained for triplicate samples. The graph is corrected for 
y residual aluminium in the lanthanum chloride by any of the standard methods,?}* and it is 
then only necessary to determine the > mepgnat blank value and to check the > working graph « at 


¥ —_— (iv) When 50 mg of lanthanum are used, the effective lower limit for a 10- -g sample is 


Chromium can be: simultaneously determined to a lower limit of 0: p-p.m. by measur- 


ing the logarithm of the intensity ratio of the chromium line at 2835-6 A to the lanthanum line 

at 2855-9 a. This was shown by using prepared solutions of known composition and samples 


Pittwell, R., Appl. 1958, 12, 54. uk 


2. Duffendack, O. S., and Wolte, R. A., Ind. Eng. Chem., Anal. Ed., 1938, ‘10, 161. 
3. Pierce, W. C., and ns N. H., Ibid., 1941, 13, 114. 8 | 


BORON IN ALUMINIUM AND SILICON - ALUMINIUM 


a and silicon - aluminium alloys containing 0-5 to 1 per cent. of boron are ‘finding 
“increasing use in the semi-conductor industry. Determination of the boron content by conventional 
_ methods involving distillation of methyl borate is complicated by the fact that the boron is present 
ina variety of forms, not all of which are soluble in mineral acid. Fusion with sodium peroxide 


* either the original sample of alloy or the insoluble residue from an acid attack results in dilute 


A direct colorimetric procedure in which these difficulties are avoided has been devised; it is 
based on a method proposed for determinin boron in steel. In this rocedure the use of glass- - 
propo ing P 


ow ware has been largely avoided, the exception being the u use of calibrated flasks for a short time with 


(it) Quantitative p precipitation of lanthanum is assisted by beginning ‘precipitation ‘from | j 


solutions for distillation. _ Further, all glassware must be boron-free and this is not readily available. ] 


solutions; pick-up of boron under these is slight. 


= 


All should be of recognised 77 we 
Sulphuric acid, sp.gr. 1-84. 


Dianthrimide reagent 00 m 
‘ “sp. gr. 1-84. Store this stock solution in a “lightly ind eices bottle in a desiccator. For use, 
_ transfer 5 ml of the solution to a dry 100-ml calibrated flask, and dilute to oe _ with concen- 
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mix with 2 g of sodium peroxide. Allow the mixture to sinter for 30 minutes on an edhelten mat | 

’ over a bunsen burner, and then fuse over the free flame. After solidification, leach the melt with 
water in a polythene beaker, cool, transfer to a 250-ml acrylic-resin measuring cylinder (obtainable 
A. Gallenkamp Ltd. ), make > up to | 250 mi, and | to the beaker. Allow: the 


(obtainable from X-Lon Products Ltd. ), to a small poly thene beaker o or ‘platinum 
vessel. Treat the solution with 2 N sulphuric acid, dropwise, until its pH is approximately 2, , ‘ 
as judged by the use of Johrson’s universal-indicator paper, and then transfer to a 7-inch x 1-inch Ea ait 
column of cation-exchange resin contained in a polythene tube. Elute with 250 ml of water, and _ 
collect the effluent in a polythene beaker. Make the effluent faintly alkaline by adding 15 ml of — EF 
10 per cent. sodium carbonate solution, check that the pH is between 8 and 9, and evaporate to — a 
Allow residue to cool, dissolve it 7-5 ml of water, and add 7-5 mil of diluted sulphuric 

acid (4 + 

use diluted sulphuric acid (4 hp’ 1) for 1 rinsing the dish and diluting the peeerenr sy of the flask to 
§ volume. oi At this stage, the flask should contain the assay solution in diluted sulphuric acid (1 + 1). rf 
Transfer a 5-ml aliquot to a 50-ml calibrated flask, add 5 ml of dianthrimide reagent solution, 5 
dilute to the mark with sulphuric acid, sp.gr. 1-84, transfer to a silica boiling tube, and cover with Ry 
a loosely fitting silica cover. Heat the solution at 95° + 1°C for 16 hours, cool to room temper- _ ioe 
ature, and measure the optical density in a 4-cm cell at 640 my with a Unicam SP500 spectrophoto- — 
meter or similar instrument. Determine boron by reference to a standard graph prepared as 
‘When the alloy is known to be free from interfering elements, such as chromium and vanadium, 
the ion-exchange procedure can an be omitted. With such samples, take a 2-5-ml aliquot from the 
original 250 ml of solution, add 10 ml of sulphuric acid, sp.gr. 1-84, and then 5 ml of dianthrimide _ 
reagent solution, dilute to 50 ml with sulphuric acid, sp.gr. 1-84, and develop the colour as described 


PREPARATION GRAPH— 


Place 0,1 1-, 1-5- and 2-ml portions of standard boron solution in separate polythene beakers, a 
dilute each to 2-5 ml, and add 10 ml of sulphuric acid, sp.gr. 1-84. Cool, transfer the solutions to i ‘te a 
50-ml calibrated flasks, add 5 ml of dianthrimide reagent solution to each, and dilute to the mark © he “a 
with sulphuric acid, sp. gr. 1-84. Treat these solutions as described above, measure the ‘optical oa 7 ae 
densities at 640 mp, and plot a graph of optical density against boron content. 


B.LS.R.A. Methods of Analysis Committee, J. Tron & Steel Inst., 1958,189,227. 


THERE appear to be few recorded cases of vanadium poisoning in man and this Note may ve ; 


Two workmen were chipping an incrustation from a tank, and: after 4 to 6 hours’ inhalation of 

the dust they reported to the factory first-aid station with symptoms of nausea and vomiting. _ 
The tongues of both men were blue-black in colour and blue lines were seen around their gums. 
Other symptoms described included sore 1 throat, cough, dyspnoea. ar and in one case depression. — " 
The men rapidly improved when they were taken off this work. The symptoms 

described by Williams! and Sjoberg.? — Samples of urine from the two men contained 2 p. p. m. of e 
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hydroxide. and other poisonous ‘metals were present in amounts, but the vanad- nina 

content of the material was found to be 3-5 per cent. | disap 

_ Vanadium was determined in the incrustation by fusion and acidification, as recommended Nadie 

: by ‘Meyer and Pawletta,? and in the urine by evaporation, ashing, solution in 20 per cent. sulphuric any ¢ 

acid and then matching the red colour produced with hydrogen peroxide, according to the same 


method. The presence of vanadium was confirmed by the blue-black colour produced with tannin‘ = 

Williams, N., Brit. J. Ind. Med., 1952,9,50. 4 to} ‘ 

Sjoberg, S. G.. A.M.A. Arch. Ind. Health, 1955,11,50. 4 

3. Meyer, and Pawletta, A. S., Z. anal. Chem., 1926, 69, 15; abstracted in Analyst, 1926, 5A, 595. 

4. Schoeller, Ww. R., and Webb, H. W., Analyst, 1936, 61, 585. 
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REVIEWS: PROGRESS IN CHROMATOGRAPHY, ELECTROPHORESIS AND RELATED spec 
METHODs. Volume IL Edited by MICHAEL LEDERER. Pp. viii 195. Amsterdam, 


oo t= London, New York and Princeton: Elsevier ‘Publishing Co.; London: D. ‘Van Nostrand Co. § reco: 


a, The first volume of Chromatographic Reviews was accorded a somewhat grudging welcome to §j the 


_ our overburdened library shelves. The quality of the subject matter and the production were § stat 
- highly praised, but one doubted if the editor could repeat such a performance annually. The but. 
_ second volume puts our fears to rest, at least for a time; true it is 80 pages shorter than volume I of tl 


tah has 6 instead of 9 reviews, but these are at least as well written and useful as before. All are Star 


taken from the Journal of Chromatography, as previously, but have been translated when necessary § - 
into adequate and usually excellent English. Future volumes may include reviews not previously | Taw 
Volume II opens with a condensed but comprehensive review of gas chromatography, by coal 
_C. J. Hardy and F. H. Pollard, citing over 600 references. In retrospect, it is astonishing that a Jj of a 
technique so valuable to industry as is gas - liquid chromatography can have lain dormant for 10§ day 
years since it was first foreshadowed by Martin and Synge in 1941. Its versatility is illustrated f lines 
wy the statement that quantitative separations can be effected within a few hours (sometimes § rece 
- minutes) of complex mixtures in amounts from 10-" to 70 g and boiling over the range — 200° to§ Res 
400° C. H. Bloemendal provides a brief but adequate and well illustrated account of starch-block} 
_ electrophoresis, covering design, performance of equipment and applications, mainly to proteins § title 
and peptides, including hormones and enzymes. G. — et al. provide the longest chapter, on #j equ 
_ paper chromatography of dinitrophenylamino acids. . This differs in providing full experimental | the 
- details and mentioning all the numerous snags in the application of this technique to the analysis eve 
_ of proteins or determination of terminal amino acids. G B. Harborne, who reviewed the chromato- ff ¢xi: 
_ graphy of anthocyanins in volume I, here completes the picture v with an excellent chapter on the ) 


flavonoid pigments. Paper chromatography with markers, in one or two dimensions, and visualisa- 
_ tion in ultra-violet light and with sprays will often suffice to identify these pigments in plant 
; extracts. Numerous tables of Ry values are included. Moreover, chromatography of a new com- 4 
_ pound and its hydrolysis products in several solvent systems gives valuable clues to its structure§ 
_and consumes only 1 mg or so. Preparative methods are also briefly reviewed. = 7 


_H.K. Prins writes a fascinating account of the separation of human haemoglobin types. He 
_ notes meticulously the pros and cons of moving-boundary and zone electrophoresis on paper, 
; cellulose acetate and starch blocks and columns, chromatography on IRC-50 resin or carboxymethyl § rea 
_ cellulose, besides alkali-denaturation and solubility methods. Since the 13 or more types probably § tit: 


‘differ _ by a few amino acid residues, it is not surprising that the results do not —— ae, yey 
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November, 1960] BOOK REVIEWS 
and that it is recommended that at least two techniques should be used i in diagnostic applinations. s 
The final chapter, by E. Euyetr, deals with adsorption and precipitation chromatography on alu-— 
mina and other materials. It deals with mechanisms rather than applications and is rather 
This volume must be recommended as an indispensable work of reference for those engaged in| 

CHEMICAL ANALYSIS oF Cast IRON AND Founpry MATERIALS. . ByW. ‘Westwoop, B.Sc., A.I.M aes. 4 
A. Maver, B.Sc., F.R.LC. Second Edition. Revised by W. E. CLARKE, 

H. GREEN. “London: George Allen and Unwin Ltd. 1960. Price63s. = | 


ve, __ Since the first edition of this book was published, in 1951, it has become widely a Nee as 


yhuric 

same 
nnin.! 


“Many of the ‘original ‘methods remain so, as” most of the 
authoritative classical procedures for which the passage of time has done nothing to impair their 
status or validity. Some methods have been modified in matters of detail, for example, those Me 

§ for sulphur, for titanium in alloy cast iron and for cerium in nodular graphitic iron. New methods es 
are described for aluminium, antimony, lead, phosphorus and vanadium. In introducing these pts 
and in modifying some of the older methods, full account has been taken of recent developments _ is 
in the use of solvent-extraction procedures and selective colour reactions and in the — a 


spectrophotometric and other instrumental techn iques. 


recommendations. It i is perhaps a pity that the periodate method for manganese was not given in ‘ 
preference to the persulphate method. The periodate method is now generally recognised as being _ P 
the best of all those available for the determination of this element, and the authors themselves | a 
state in the general discussion of methods that periodate produces a more stable permanganate, Ss 
but content themselves with giving a single very old reference to the method and make no mention | 
of the British Standard produced in 1951. There are also one or two other well recognised British 
Standard procedures that might have been detailed or at least brought to notice. bs 
i The remaining sections of the book give : a comprehensive treatment of the analysis of auxiliary 
raw materials and products associated with the iron-foundry industry, covering such materials as 
ferro-alloys, iron ore, cupola and blast-furnace slags, silica and alumino-silicate refractories, coke, 
coal dust and linseed oil. The section on slags includes a completely new scheme of rapid ees 


of analysis by which the complete analysis of a cupola slag can be made in less than one working 
day. It must be said, however, that section VI, on refractory materials, is too much on avon: el Gs 
lines and does not take account of specialist methods in this field that have been developed in oe 
recent years, mainly as a result of co-operative work sponsored by such bodies as the British Ceramic ‘a 
Research Association and the Society of Glass Technology. = = = 
‘The over-riding importance of this book i is that in scope and usefulness it goes much beyond its — ve : 
title. It is by title a book for the iron- -foundry ¢ chemist, but most of the methods described are <a 
equally suitable for the analysis of steel, with little or no modification. It is therefore a book for __ ; 
the iron and steel industry as a whole, and in this respect it demands the serious attention of i. 
everyone interested in ferrous analysis, for it fills an essential need in a field where the few other | 
existing text-books are either inadequate or out of date. 
HETEROMETRY. By MorpECHAI BoBTELsky. Pp. viii 229. Amsterdam, London, York 
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a Heterometry is based on a simple conception. A ‘substance in solution is titrated with a 
reagent with which it forms a precipitate, optical-density measurements are made during the - 
titration, and a curve is drawn to correlate optical density with volume of titrant. In most ana- 
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maximum turbidity is reached. ‘This principle is applied to the determination of many of the § nitro; 
commoner metals, either with well known inorganic precipitants or, more usually, with complex. § obtai 

forming or organic > reagents. Many of these titrations are conducted with solutions of concentration ive 
ranging down to 10-5 M, and the accuracy achieved is often better than 99 percent. eum y the ¢ 
Many heterometric curves exhibit several ‘‘critical points’ or inflexions, and these yield recor 

_ information on intermediate products formed during the titration. For example, in the titration § nitri 

_ of bismuth with amidopyrine in the presence of iodide, evidence of the formation of ten different § is is: 

oO a _ compounds is obtained. Seventy-five pages are devoted to the study by this means of complexes 4 
* formed by metals with dicarboxylic acids, _hydroxycarboxylic acids, metaphosphates, polyphos- “oxy 
' Most of the work is from the many papers ; already published from Professor Bobtelsky’s § cent. 
‘department at the Hebrew University of Jerusalem. T he original - publications seem to haveh | 
attracted little attention, and it is to be hoped that the collective work will create the interest that § work 

ie subject undoubtedly merits. The equipment required is simple and inexpensive, the methods infor 
are generally rapid, and, in the study of complexes, they yield information that would not so readily § reco 
The chemical presentation and the English are both at times a little unconventional, andthe 

a latter is occasionally rather obscure. _ The language difficulty cannot excuse the mis-naming of § and 

_ ferrocyanide as ferrous cyanide on p. 36. Otherwise, the compilation bears the mark of enthusiasm §j stan 

y tempered with great care. The publishers have also made an excellent job of the rather intricate —_ 

Anal ALYTICAL oF TITANIUM METALS AND ComPpounps. By MAURICE CopELL. Pp. § mai 


a +3 378. New York and London: Interscience Publishers Inc. 1959. Price $12.00; 


meal It is well within the lifetime of most of us that titeniusa was classified amongst the rare metals, a 

but to- -day this concept has changed. Titanium is now recognised to be one of the most universally 
distributed elements, a recognition that has stemmed from two main outlets; the use of titania for a : 
 sieentation purposes and the ever-increasing variety of commercial purposes for which titanium § Foo 
iu Any analytical er that collates existing knowledge on these two related fields and a 
aims at bringing the analyst up to date must, therefore, be welcomed. This publication is the § con 
_ ninth of a series of monographs on analytical chemistry and its applications, and the analytical § in | 
standard of the series is maintained. The reader has only to scan the list of editors and assistant § the 
_ editors and to know the international status of the author to be encouraged to read the detailed f par 
_ information contained in thisbook, rem 
Sections are logically divided mS four main headings: (a) General procedures, including wy 
_ basic fundamental reactions, (b) Determination of metallic elements in titanium and titanium § aut 
alloys, (c) Determination of non-metallic elements in titanium and and titanium | alloys and (d) Analysis | bac 
> In the development of any analytical procedure for application to a new or existing com- § the 
7 - mercial product, the analyst immediately thinks in terms of proven procedures, on this occasion A due 
ranging from the use of diphenylcarbazide for chromium, dimethylglyoxime for nickel and Aas 
_-: neocuproine for copper to the application of standard polarographic procedures for specified metals. § lar; 
In this respect, development of the recommended procedures for application to titanium and its J ing 
_ associated metallurgical products has followed customary practice; nevertheless, it is disappointing § me 
to note that the determination of lead involves the formation and final weighing of lead sulphate. § dev 
The chapter devoted to ‘‘vacuum-line methods” is comprehensive, but emphasis on the relative § bo! 
9” merits of each method could have been profitably stressed. Some analysts are biassed in favour of § us¢ 
- macro vacuum fusion methods, , with the obvious advantage of being able to use a relatively large tal 
weight of sample, but the speed associated with micro, or perhaps more correctly, semi-micro, § ap 


vacuum fusion methods is unquestionable, and this aspect, in addition to supplying information 
relative to homogeneity of the material, merits more detailed comment. Vacuum fusion methods, J 
_ with all their advantages, involve costly equipment, and the present state of knowledge in the 
% field of carrier-gas techniques (in which much cheaper equipment is used), and possible trends in 
so-called chemical procedures are not discussed. The determination of 
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f the § nitrogen by vacuum-line methods and controversial views on the reliability of nitr ig 


plex. | obtained by such methods are other aspects not brought 
ation {| +©-—«iIn any procedure of which the determination of a minor constituent is the ultimate o jective, 


the quality of the reagents is of paramount importance, and this is normally implied, but in th 
recommended method for ‘determining calcium 225) the of ammonium and 


ferent 
lexes A There are not many factual statements to which exception can be taken, but the cbadaiiaait a 
phos- § “oxygen is present in titanium metals as the lower oxide TiO, rather than TiO,” is misleading — 
sala because it is well established that large amounts of interstitially dissolved tne up to 15 per 
have § «The section devoted to titanium and titeniuss alloys is singularly free from any reference t 
t that § work in allied fields in this country, where significant contributions have been made and much : 
thods § information published on the subject; this aspect of the book is most disappointing. _ Methods cat 
badily recommended for the analysis of titanium- -base materials als are, presumably, th those in ¢ ‘use i 
the Pigments Department of E.I. du Pont de Nemours. 
1d the __ Those sections dealing with the analysis of titanium tetrachloride, titanium- -bearing minerals 
ing of § and ore concentrates are comprehensive and should be readily adaptable to suit particular circum 
siasm @ stances, although the statement on page 339, and elsewhere, that vanadium and ae are 
ricate usually present in very low concentrations should be accepted with considerable reserve. __ 
_ §f It seems almost inevitable that any new publication will contain some unintentional e errors; 
son. §& it is perhaps not surprising, therefore, that on separate occasions, on pages 308 and 310, lithopone 
Fis spelt incorrectly, and in the same section the composition of ee is twice referred as 
F a - "Although experts might : agree that the book contains little ‘that was not already known a a 


Foop POISONING. By Exior B. DEWBERRY, M. B. Editi 
Leonard (Books) Ltd. 1959. Price 45s 


“The fourth e edition of “Dewberry” makes a welcome appearance for those needs must 


nail with maintaining high standards for the nation’s foods. Since the third edition appeared — 
in 1950, it is coincident that there has been a steady upgrading in the care taken generally to protect © 


sistant §j the consumer from the risk of food poisoning, despite sporadic local outbreaks. This is undoubtedly i 
stailed § partly due to the vigilance of the health inspectors collaborating with public analysts, and ‘we 
er cannot think other than that books of the nature of Dewberry have contributed to this trend. ; 
luding J = ~—— This edition is virtually a new book, since it has been practically re-written as a result of the y % 
anium § author having Consulted a wide horizon of new sources of references. The recent “findings of 
nalysis ff bacteriologists, epidemiologists, _ toxicologists and medical officers of health have been studied and — 

_ J the relevant material incorporated into the text. Nevertheless, as is pointed out in the book, of — 

y com- § the outbreaks that do occur, made-up meals and meat dishes are the principal offenders—usually _ 
casion due to Salmonella, Staphylococcus aureus or Clostridium welchti. 

21 and Bacteriological contamination, sources and mode of infection, and prevention and control 
netals. largely make up the material of the book. Nevertheless, other means and methods of food poison- 

und its § ing are also minutely described, e.g., poisoning ¢ due to fungi and higher plants, poisonous fish and | 
»inting § metallic salts. From the analyst’s viewpoint, the lay-out of the book is interesting in that it 
phate. § devotes specific chapters to individual types of poisoning, CB , staphylococcal poisoning and 
elative § botulism, thus making it easy to find relevant information on the subject. But possibly the most 

your of § useful chapter is devoted to laboratory investigation of food- ‘poisoning cases. The method o cart 
y large § taking samples and the types of media to be used are given in considerable detail. Two usefu 
micro, § appendixes deal with (a) steps to be taken by medical officers of wane in 1 

mation § poisoning and (b) methods for control of enteritis, particularly at sea. Pe g 

sthods,§ = The book is well indexed and has a good bibliography. The publishers might have used 


. These defects il he : 


| 


better paper and the and photographs definition. 
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Reports ON THE OF CHEMISTRY FOR 1959. Volume 


rate x 
> BritisH PHARMACOPEIA 1958: ADDENDUM 1960. Pp. xxii + 83. Lo The 


Press for The General Medical Council. 1960, Price 30s. 


ANALYTICAL APPLICATIONS OF DIAMINO- Eruane- TETRA-ACETIC Act. Ss. ‘West and A. S. 
S¥KEs. Second Edition. Pp. 127. Poole, ‘Dorset: : The British Drug Houses Ltd, 1960, 


ritish Drug Ho 
TINPLATE TESTING: CHEMICAL AND PHYSICAL MetHops. By W. E. Hoareg, D.Sc., F.I.M., and 
C. Britton, M.A., F.R.L.C., F. M. 55. Middlesex : Tin Tin Research Insti- 


= Use oF ORGANIC REAGENTS 11 IN INORGANIC Amauvens. A. L BusEv and N. G. 


Tae RADIOCHEMISTRY OF INDIUM. By D.N. and Cc. w. ‘Towntey. Pp. vi 46. 
Washington, D.C.: National Academy of ‘Sciences—National Research C Council. 1960. 


- Pure AND APPLIED CHEMISTRY. (The Official - Journal of the International Union of Pure and 


Applied Chemistry.) Volume I, No. 1, 1960. _ Scientific Editor: B. C. L. . WEEDON. Pp. 
od _« 186. London: Butterworths Publications Ltd. Subscription | price per volume (published 


irregularly, four issues per volume) 120s. ; $18.00. _ 


ES OF PHYSICAL CHEMISTRY. By H. Hamit and Russe R. jun. 
‘Pp. xii + Edinburgh ond London: Oliver and Boyd Ltd. 1960. Price 30s. 
ON THE ‘oF APPLIED CHEMISTRY. . Volume XLIV: 1959. Editor: H. §. 
a RooxE, M.Sc., F.R.I.C. Pp. 705. London: The Society of Chemical Industry. 1960. 
ADVANCES IN FLUORINE Cuemistry. Volume I. Editors: M. Stacey, F.R.S., TaTLow, 
Ph.D., D.Se., and A. G. SHarpe, M. A., Ph.D. Pp. viii + 203. London: Butterworths 
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Analytical | Methods Committee: Metallic Impurities in Organic Matter Sub- 


“The of Small Amounts of Arsenic in Organic Matter” (September, 
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oo Application ‘of Atomic Absorption to Chemical Analysis,” by D. J. David 

; dustin (1960) ISSUE, p. 714, title ae paper, 2nd line as synopsis and Ist line of text of paper. 
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